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THERAPY IN 
CUSHING’S SYNDROME 


of thought: (a) an enumeration of certain fea- 

tures of Cushing's syndrome, (b) an hypothesis 
concerning the cause of certain of the most important 
of these and (c) the result of therapy based on this 
hypothesis. 

Patients with Cushing’s syndrome show at au- 
topsy cancer of one adrenal gland, or a basophil tumor 
of the pituitary, or neither of these; all cases show the 
changes described by Crooke (1) in the basophil cells. 
Although the criteria for the diagnosis of hyperplasia 
of the adrenal cortex are not altogether established, 
this condition is undoubtedly present in some of the 
non-cancer cases, possibly in all (2). 

In any case, whether the result of a cancer of the 
adrenal or otherwise, Cushing’s syndrome (3) has an 
array of clinical features which probably establish it 
as a disease entity. The primary endocrinopathy in 
those cases with cancer is almost surely a hyperad- 
renocorticism. The authors believe that the other 
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1 This work was aided by a grant from the Committee for Re- 
search in Problems of Sex of the National Research Council. 

Read before the Association for the Study of Internal Secre- 
tions, New York City, June 1940, under the title: “Effect of 
Estradiol Benzoate and Testosterone Propionate on the Disor- 
dered Ca, P, and N Metabolism in 2 Cases of Cushing's Syndrome 
without Adrenal Tumors.” 
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cases likewise have hyperadrenocorticism. The evi- 
dence is circumstantial. In the first place, cases with- 
out adrenal cancer present substantially the same 
unique clinical picture as those with adrenal cancer. 
Secondly, hyperplasia of the adrenal cortex has been 
demonstrated in some of the non-cancer cases which 
have been carefully studied. This was true in the 
authors’ case 3, which likewise had Crooke cell 
changes and a pituitary adenoma (4). Thirdly, there 
is certain evidence derived from urinary assays for 
17-ketosteroids (5). The excretion of these substances 
in females is an index (not a measure) of adrenal cor- 
tical function. In cases with adrenal cortical cancer 
the assays are excessively high. In the three female 
cases without cancer discussed in this paper the val- 
ues were suggestively high (5). Fourthly, Weil and 
Brown (6) using a biological test, found an increased 
excretion of cortin in a case of Cushing's syndrome 
(case 3 of the author's series); similar findings were 
reported by Anderson, Haymaker and Joseph (7). 
The features of Cushing's syndrome which we 
would emphasize are as follows. 
(1) Mild diabetes which is insulin resistant (8). 
(2) Muscular weakness, with a low creatinine ex- 
cretion as an indication of a decreased mass of muscle. 
(3) Thin skin, sub-manifestations of which are, a), 
characteristic reddish hue resulting from transparency 
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Tasie 1. METABOLIC DATA ON CASE I 
| wie = | 
| Calcium | Phosphorus | Nitrogent 
Dried Pt. wt. | | an 
sin Date ye © | feces | ee ad Fecal | Fecal 
= "| wt. ied | Ur- | av. In- | Bale |) Ur- | av. | In- Bal- Ur- | In- Bal- 
4 | ine | per | take | ance || ine | per | take | ance ine | take | ance 
| period | period 
1939 l gm. kg. || gm. | gm.* | gm. gm. | gm. | gm.* | gm. gm. | gm. | gm. | gm. 
' | | | | | | | | 
I 3/22-26 | 7.2 61 53.6 | 0.45 | 2.89 | 3.60 | +0.26 | 0.90 | 0.85 | 1.67 | —0.08 | 12.1 | 23.7 | + 9.2 
2 27-31 7.1 58 52.3 || 0.49 | 2.89 | 3.60 | +0.22 | 0.84 | 0.85 | 1.67 | —0.02 | 12.9 | 23.7 + 8.4 
| | | | II | 
3 | 4/ 1-3 7.1 72 | 51.2 | 0.56 | 2.89 | 3.60 | +0.15 | 0.90 | 0.85 | 1.67 | —0.08 | 14.6 | 23.7 | + 6.7 
4 6-10 | 7.3 54 50.4 || 0.53 | 3-89 | 3.60 | +o 18 || 1.07 | 0.85 | 1.67 | —0.25 | 17.0 | 23.7 | + 4.3 
| | | | | | 
5 | mis] 71 45 49-5 0.43 | 3.23 | 3.60 | —0.06 | 1.34 | 0.95 | 1.67 | —0.62 | 18.6 | 23.7 | + 2.7 
| | | | | | | | | 
6§ 16-20 | 5.8 41 48.9 || 0.47 | 3.23 | 3-60 | —0.10 | 1.35 | 0.95 | 1.67 | —0.63 || 19.7 | 23-7 | + 1.6 
| I | | | | | | | 
7 21-25 | 7.8 27 48.3 || 0.47 | 3.23 | 3.60 | —0.10 | 1.31 | 0.95 | 1.67 | —0.§9 | 18.8 | 23.7 | + 2.5 
8 26-30 | 8.9 68 48.4 | 0.55 | 3.23 | 3.60 | —0.18 || 1.26 | 0.95 | 1.67 | —0.54 || 20.0 | 23.7 | + 1.3 
9 | 5/15 8.2 51 46.9 | 0.47 | 2.79 | 3-60 | +0.34 || 1.30 | 0.92 | 1.67 | —0.55 | 19.8 | 23.7 | + 1.5 
| | | | 
10 | 6-10 | 8.5 — 46.6 | 0.55 | 2.79 | 3.60 | +0.26 || 1.22 | 0.92 | 1.67 | —0.47 ate3- | aga" | fo) 
II II-1§ 8.1 — 46.2 || 0.49 | 2.79 | 3.60 | +0.32 | 1.19 | 0.92 1.67 | —0.44 || 21.3 | 23.7 fe) 
| | | | | 
12 16-20 | 8.1 81 45.9 | 0.57 | 2.79 | 3.60 | +0.24 |] 1.12 | 0.92 | 1.67 | —0.37 | 26-3) 523.9 | + 2.3 
| | 


Studies were interrupted for 30 days because of skin infection in foot, which responded to local treatment. Patient continued to receive 


a estradiol benzoate in the interim: 1.66 mg. every 3 days for 4 injections after May 20; then 3.32 mg. every 3 days, from June § to 20. 


| 0.43 | 2.69 | 3.60 | +0.48 | 1.68 | 0.86 | 1.67 —o0.87 


13. | 6/20-24 | 8.9 44 46.7 | | | 25.5 
14 25-29 | 9.0 40 45.7 || 0.40 | 2.69 | 3.60 | +0.51 || 1.73 | 0.86 | 1.67 | —0.92 | 25.3 


| 


Studies were interrupted for 6 months because of kidney stone. Patient had 2 unreterolithotomies during this time. 


23. 


23 


9 


7 | — 


4.2 
4.0 


Patient received 





a estradiol benzoate from end of period 14 until November 15, 1939; she received 41 injections of 1.66 mg. each. 


; Y | ~ 


1940 


15 | 1/ 2-6 | 6.7 85 | et.1 | 0.78 | 2.92 | 4.07 | +0.37 | 1.61 | 0.98 | 2.61 | --0.02 | 37.6 
16 | 7-11 | 6.8 | 85 | 51.1 | 0.61 | 2.92 | 4.07 | +0.54 || 1.78 | 0.98 | 2.61 | —0.15 | 37.4 
17 | 12-16] 7.6 | 139 | §1.6 | 0.55 | 2.92 | 4.07 | +0.60 || 1.79 | 0.98 | 2.61 | —0.16 | 37.1 
18 17-21 | 8.0 | 84 | 51.4 | 0.73 | 2-92 | 4.07 +0. 42 || 1.79 0.98 | 2.61 | —0.16 |] 38.1 
19 22-26 | 7.4 | 91 | 51.1 || 0.75 | 2.99 | 4.07 | +0.33 | 1.49 | 1.02 | 2.61 | -+-0.10 | 34.9 
20 | 27-31 | 6.4 | 92 | 51.0 | 0.75 | 2.99 | 4.07 | +0.33 | 1-06 | 1.02 | 2.61 | +0.53 | 25.7 
21 | 2/ 1-5 | 9.9 85 | 51.7 | 0.67 | 2.99 | 4.07 | +0.4I | 0.78 | 1.02 | 2.61 | +0.81.} 21.7 
aa | 6-10 | 6.2 719 52.4 || 0.64 | 3.20 | 4.07 +0.23 | 0.83 | 0.85 | 2.61 | +0.93 || 20.8 
23 11-15 | 5.6 | 85 | 52.5 | 0.48 | 3.20 | 4.07 | +0.39 | 0.91 0.85 | 2.61 | +0.85 || 20.9 
24 | 16-20] §.3 94 52.9 | 0.49 | 3.20 | 4.07 | +0.38 | 1.c3 0.85 | 2.61 | 0.73 || 22.2 | 
25 | 21-25] 6.9 | 93 53.7 || 0.48 | 3.13 | 4.07 | +0.46 || 0.93 0.82 | 2.61 | +0.86 || 27.7 | 
26 | 2/26-3/1| 6.4 | 85 53.2 || 0.36 | 3.13 | 4.07 | +0.58 | 1.01 | 0.82 | 2.61 | +0.78 || 19.2 | 
| 3/ 2-6 7.0 | 80 $3.6 | 0.45 35191) 4207 ge | 0.61 ~—e ae — *. | 
28 | 7-11 | §.9 79 53.3 || 0.30 | 2.67 | 4.07 | +1.10 || 0.79 | 0.81 | 2.61 | 1.01 | 20. 
29 12-16 O01 Fe | 53-5 | 0.26 | 2.67 | 4.07 | +1.14 | 1.01 | 0.81 | 2.61 | -+0.79 || 20.3 
30 17-21 6.7 | 86 | 53.2 || 0.27 | 3.04 | 4.07 | +0.76 |] 1.16 0.78 | 2.61 | +0.67 || 21.9 
$m | 22-26] 5.8 | 97 | 53.0 | 0.28 | 3.04 | 4.07 | +0.76 | 1.16 0.78 | 2.61 | +0.67 || 21.7 
32 | 27-31 | 6.4 76 53.3 || 0.19 | 3.04 | 4.07 | +0.84 || 1.00 | 0.78 | 2.61 +0.83 || 22.2 
338 | 4/ 1-3 | 4-7 | 30 52.7 || 0.34 | 3.04 | 4.07 | +0.69 ] 1.09 | 0.78 | 2.61 | +0.74 | 25.7 





* Fecal values were averaged in groups as follows: 1-4, 5-8, 9-12, 13-14, 15-18, 19-21, 22-24, 25-27, 28-29, 30-33. 


46. 
| 46. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 
46. 


46 
46 


46. 
46. 
46. 
46. 


ooo oe ooeqgogoocoo0ooqocoodoo 8 


Si 
avr p> pw 
Aaa Ade & Oo & 


~ 
a 


+4++++4+4+444+4+ 
SSECEVESE SS 
ae a Me A 


aa 


+19.2 
15.7 


§ Periods 6 and 33 were not 5-day periods, but 4- and 3-day periods respectively. The metabolic values were multiplied by 5/4 and 


5/3 respectively. 
t Fecal period lost; value used is average for periods 25 and 26. 
+ Nitrogen loss in feces was considered to be 10% of the intake, or 2.4 gm. for periods 1-1 


of the skin, and b), purplish striae resulting from crack- 
ing of a friable skin. 

(4) Easy bruisability, the result of atrophy of the 
walls of the biood vessels (4). 

(5) Osteoporosis (not osteitis fibrosa as shown by 
normal serum phosphatase level). 


of actual fat. 


\, 4.6 gm. for periods 15-33. 


(6) Apparent girdle obesity, which is more the result 
of a relaxed abdominal wall and crushed vertebrae than 


Other features of the syndrome which are not par- 
ticularly germane to the discussion are amenorrhea in 
women, impotence in men, hirsutism without other 
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TABLE i seen) METABOLIC DATA ON CASE I 














| i] 
Serum 1 Urinary 1 | Treatment! 
| excretion! — | 
—— — i — 
oe | 
Ca | P | P-tase | 17° KS | Creat. | La | “TAP: 
| | | bb 
mg.% | mg.% | Bod. u || mg mg./ || mg mg 
| | 24 hr. | 24hr. |} 
8.7 2.3! 9.9 | | | 
g.of [ast | on5t | | 
9. 3 2.5% = | | 
10.4" | 2.9V 9:2" || | 
8.4! | 
13.5 
10.4! | 2.7! Sc | 1.66! 
1.6619 
aa a0" 6.81 1.661! 
| | 1.66 
| 1.661! 
9.8! | 2.8! 6.9) | | 1.66! 
| | | 1.661Y | 
| | | | 1.661 
| | | | 1.66% 
oe | 27 | 66 I | | 1.6611 | 
9.5! | 3 a | | | 1.66! 
| | | | 1.661V 
10. 4! | 2.git | g. 4m | 1.6601 
| | | | 1.66" | 
| ae ~] rrr. ames = ost 
9.8% | 3:2! 4.8! | 3.321 
9.2% | 3.0 | 2:0 J L | 3.32! 
| | | 13.3207 | 
eae re "eae Sank: Mammaaa Seam 
| - we Gl 
10.511 | 2.9! | 4.u1 | : | ; | | 
| | 10.0% | 678% | , 
| 10.6! x 606! | | 
| 18.41Y | 6golY | | 5X25 
| | 17.21" 635%" | 5X25 
| | 16.0% | 700" | | 5X25 
FOSTY ane | 4.8Y || 19.81Y | qr4lv | | 5X25 
| 17.0°¥ | 740! | | 5X25 
| | 15.6% | 770Y | | §X25 
| | 1 | §X25 
9.8! | 3.a! 5.08 17.0 | 67011 | | §X25 
17.61V | 7351V 5X 252 
| = | | 5X25? 
16.2! | 690 | 5X1. 66 | 5X25 
9.7 | 3.gMt | ro.5Mt | ra.2Mt | Gast sx 1.66] 5X25 
| | | r1.01Y | 754IY | 5X 1.66 | 5X25 
| i] | |5Xt. 66 | 5X25 
S.nY | sea" anor | Xr. 66 | 4X25 


Est. Ben.=a estradiol benzoate; T. P.= testosterone propionate. 

1 Roman numerals indicate day of period to which values 
pertain. 

2 Thirty units daily of regular insulin was administered also. 

3 Patient was continued on testosterone propionate, 25 mg. 
every 2 days; serum phosphatase values continued to rise: 14.7 
Bodansky u, April 13, 1940; 15.4 Bodansky vu, June 6, 1940; 15.3 
Bodansky vu, June 15, 1940. 


evidence of virilism, slight erythrocytosis, tendency 
to skin infections, hypertension and arteriosclerosis. 
Long (9) and others have shown that the adrenal 
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cortical hormone promotes gluconeogenesis, the con- 
version of proteins into sugar; and indeed, the dia- 
betes of Cushing’s syndrome has been attributed, 
rightly we believe, to a hypergluconeogenesis. Now, 
if proteins are being converted into sugar, not only 
will there be too much sugar, but also too little pro- 
tein. Are not many of the features of Cushing’s syn- 
drome the result of protein shortage? 

It would seem that, of those features listed above, 
numbers 2 through 6 could best be explained by pro- 
tein deprivation, i.e., by a widespread tissue atrophy. 
The weak muscles, the thin skin, and the easy bruisa- 
bility require no comment; osteoporosis, by defini- 
tion, is the result of a lack of bone matrix, not of a 
primary disorder of calcium metabolism (10). 

Woodyatt, (11) moreover, in a very acute case of 
Cushing's syndrome found a negative nitrogen bal- 
ance, which remained negative in spite of a very high 
protein diet. 

It was therefore decided that the goal to be sought 
in therapy was the establishment of a positive nitro- 
gen balance. If this were accomplished and those 
manifestations thought to be the result of protein de- 
ficiency subsided, the hypothesis would be strength- 
ened. The substance, par excellence, to promote a 
positive nitrogen balance is testosterone (12). Our 
data (table 1, 2, 3; fig. 1, 2, 3) show the results of such 
therapy on three female patients without adrenal 
cancer. 

CASE HISTORIES 


Case 1 (M. G. H. 74372, fig. 4) is a 25-year-old, single 
girl of Portuguese descent, who has been followed at the 
Massachusetts General Hospital for 5 years with the 
diagnosis of Cushing’s syndrome. Her chief complaint 
when first seen was, “amenorrhea for 2 years.” 

She also revealed that she had been gaining weight 
about the face, neck and abdomen, and that her face had 
become ruddy and more hairy than before. In addition, 
she had noticed easy bruisability and had had recurrent 
skin infections. 

On examination, she had the typical round, full, ple- 
thoric facies of Cushing’s syndrome, with excessive facial 
and abdominal hair. The skin appeared atrophic with 
purplish striae and numerous visible dilated subcutaneous 
blood vessels. There were scars of old infections on the 
legs. The optic fundi showed some old hemorrhage and 
exudate. The heart was not enlarged. Blood pressure 
varied from 130 mm. to 170 mm. systolic, 80 mm. to 110 
mm. diastolic. The clitoris was not enlarged. 

Laboratory studies included: negative Hinton test re- 
sult; R.B.C. 4.8; Hgb. 95% (T.); urine, a trace of al- 

| bumen, occasional i slit B. coli and Staphylococcus 
\ albus on culture; blood chemistry, not remarkable, sodium 
normal. Glucose tolerance test showed a failure to return 
to normal 4 hours after administration of glucose. Com- 
bined glucose and insulin test result paralleled that of the 
glucose tolerance test. Several B.M.R.’s were normal. 
Electrocardiogram showed evidence of myocardial damage. 
Follicle stimulating hormone assay on urine was negative 
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TABLE 2. METABOLIC DATA ON CASE 2 
| wat Re 4 io maa meer net 
. Calcium Phosphorus NitrogenT 
5-Day ; Urine | Drie | Wt. of , | eis 
pe- Date | feces | :. - = 
riods im 1 oe Bele | | in | Bal | Ure | Recat | 22° | Bale | Ure | In | Bale 
| | | ine | Fecal | take | ance | ine | T°"! take | ance | ine | take | ahce 
| 1939 | gm. | kg. | gm. | gm. | gm. | gm. gm. | gm. | gm. | gm. gm | gm | gm. 
I | 9/30-10/4) 7.5 63 | 53.8! | 0.89 | 1.45 | 3-51 | +1.17 | 1.88 | 0.87 | 2.94 | +o.19 | 38.7 | 40.8 | — 2.0 
2 | 5-9 8.1 92 | 53.4% | 0.80 | 2.52 | 3.51 +o.19 || 1.48 | 1.40 | 2.94 | +0.06 || 37.2 | 40.8 | — 0.5 
| | o | | | | | 
3 | 10-14 8.2 | 68 | 53.71 | 0.99 | 2.04 | 3.51 | +0.68 | 1.50 | 1.13 | 2.94 | +0.31 | 37-5 | 40.8 | — 0.8 
} 
4 15-19 | 8.0 — i= 0.82 | 3.55 | 3.51 | —o.86 | 1.37 | 1.89 | 2.94 | —0.32 |] 34.2 | 40. 8 | + 2.5 
| | | | | | | | 
5 20-24 | 7.3 | 58 | 54.7) | 0.73 | 1.68 | 3.51 | +1.10 || 1.24 | 1.04 | 2.94 | +0.66 || 37.9 | 40. 8 | — 1.2 
| | | | | 
6 25-29 | 6.8 | 78 | 54.401 | 0.597 | 2.58 | 3.51 | +0.36 |] 1.18 | 1.49 | 2-94 | +0.27 | 36.6 | 40.8 | + 0.1 
| | | | 
| | | oe eee, ; of | |_| 
7 | 3o-m1/3} 9.1 | 110 | 55.4'Y | 0.73 | 3-5! | 3-51 | —o. ui Baka Sthe | 2.94 —0.39 | 40.5 | 40.8 | —3.8 




















Studies were interrupted for 35 days because of skin eheninn dil was mated with chemotherapy, x-ray and drainage. No hormone 
injections during the interim. 
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12/9-13 8.1 | 109 | 53.61 1.19 | 4.60 | 4.24 | —1.54 || 2.23 | 2.24 | 3.89 | —0.58 || 57.8 | 68.4 + 3.8 
| | | | | 
14-18 | 8.1 | 58 | 52.6! | 1.00 | 2.64 | 4.24 | +0.60 | 1.90 | 1.33 | 3.89 | +0.66 || 54.1 | 68.4 | + 7.5 
els ect | | ~~ | 
| | | | 
19-23 | 6.8 | 25 | 52.81V | 0.92 | 3525 | 4:24 | +1.07 || 1.66 | 1.15 | 3.89 | +1.08 |] 53.8 | 68.4 | + 7.8 
24-28 | 6.0 | 76 | 0.83 | 3.93 | 4.24 | —0.§2 | 1.39 | 1.91 3.89 | +0.59 | 49.4 | | | 68.4 | +12.2 
1940 
29-1/2 | 5-4 | 92 | 53.6 0.72 | | 5-15 | 4.24 | —1.63 | 1.50 | 2.63 | 3.89 | —o.24 || 42.8 | 68.4 | +18.8 
3-7 5.4 64 | 53-901 | 0.77 | 2.72 | 4.24 | +0.75 = | 1-29 | 3.89 | +1.21 | 50.3 | | 68.4 | $11.3 
8-12 4-9 62 | 54.7) Oo. ed 4.73 | acae | —1.52 ] 1.31 | 2.46 | 3. » | +o.12 || 48.1 | 68.4 +13.5 
Studies were vinennaned oe 27 days. Patient went home. She received 25 mg. of testosterone propionate aiid aang the interim. 

2/812 nae bs s7.sit | 0.54 | — | 4.24 | - — fre 7 | — | 3.89 = 47-2 | 6. 8 | +14.4 
13-17 | 4.8 | 63 | 58.6IY | 0.43 | 2.85 | 4.24 | +0.96 | 1.48 | 1.61 | 3.89 | +0.80 || 46.7 | 68.4 | +14.9 
18-22 | 6.0 81 — 0.40 | 2.37 | 4.24 | +1.47 |] 1.41 | 1.30 | 3.89 | +1.18 |] 45.5 | 68.4 | +16.1 
23-27 | 5.7 | 110 | 59.2! | 0.37 | 2.59 | 4.24 | $1.28 | 1.42 1.45 | 3.89 | +1.02 || 48.3 | 68.4 | +13.3 
28-3/3 | 5.3 — | 58.9% | 0.34 | 3.15 | 4.24 | +0.75 | 1.90 | 1.80 | 3.89 | +0.19 | 53.7 | 68.4 | + 7.9 
48 | 5.7 | 135 | 56.3" | 0.37 | 4.09 | 4.24 | —0.22 | 2.72 | 2-32 | 3.89 | —1.15 |] 65.8 | 68.4 | — 4.2 
g-13 | §.5 | $3 | 0.41 | Te 4.24 | +1.87 || 2.66 | 1.13 | 3.89 | +0.10 |] 69.2 | 68.4 | — 7.6 
14-18 | 5.6 | 108 | 55.317 | 0.40 | 4.21 | 4-24 | —0.37 a9 | 2.60 | 3.89 | —1-11 | 67.7 | 68.4 | — 6.1 

No sitions made for 30 days. Patient received 50 mg. daily of testosterone propionate from March 19 until April 20. 

4/20-24 pe 64 | 57.7% | 0.09 | 2.33 | 4.24 | +1.82 |} 1.39 | 1.38 | 3.89 | +1.12 | 56.6 | 68.4 | + 5.0 
25-29 5.5 69 _ 0.10 | 2.95 | 4.24 +1.19 | 1.19 | 1.66 3.89 | +1.04 || 46.4 | 68.4 | +15.2 
30-5/4 | 6.3 | 130 | 58.0! | 0.14 | 4.50 | 4.24 | —0.40 |] 1.43 | 2.38 | 3.89 | +0.08 || 57.7 | 68.4 | + 3.9 
5-9 5.8 65 | 57.8IY || 0.09 | 3.26 | 4.24 | +0.89 | 1.40 | 1.77 | 3.89 | +0.72 || 53.0 | 68.4 | + 8.6 
10-14 4.5 39 «| 58.3% |] 0.09 | 1.38 | 4.24 | +2.77 || 1.40 | 0.71 | 3.89 | +1.78 |] 53.2 | 68.4 | + 8.4 
15-19 4.9 44 _ 0.07 | 2.72 | 4.24 +1.45 || 1.48 | 1.58 | 3.89 +0.83 | 52.5 | 68.4 | + 9.1 
20-24 5.2 80 | 58.111 | 0.09 | 3.53 | 4.24 | +0.62 | 1.65 | 2.30 | 3.89 | —0.06 | 55.5 | 68.4 | + 6.1 
25-29 5.5 82 | 58.1% | 0.11 | 1.89 | 4.24 | +2.24 | 1.17 | 1.31 | 3.89 | +1.41 | 46.7 | 68.4 | +14.9 
30-6/3 | 5.1 76 — 0.08 | 0.76 | 4.24 | +3.40 || 1.20 | 0.48 | 3.89 | +2.21 || 50.7 | 68.4 | +10.9 
4-8 5.0 62 | 57.6% |o.9 | 1.40 | 4.24 | +2.75 | 1.40 | 0.99 | 3.89 | +1.50 |] 51.7 | 68.4 | + 9.9 
9-13 6.6 | 174 | 58.8IY jl 0.10 | 2.62 | 4.24 | +1.52 ] 1.30 | 1.95 | 3.89 | +0.64 || 53.2 | 68.4 | + 8.4 
14-18 5.8 | 200 — 0.08 | 1.68 | 4.24 | +2.48 || 1.23 = | 3.89 | +1.27 ] 51.5 | 68.4 | +10.1 
19-23 5-9 | 173 | 58.9 0.09 | 1.40 | 4.24 | +2.75 ] 1.12 | 1.34 | 3.89 | +1.43 | 53.5 | 68.4 | + 8.1 
24-27 5.5 30 | 58.511 | o.12 | 0.90 | 4.24 +3.62 | 1.22 | 0-47 | 3.89 | +2.20 ] 52.2 | 68.4 | + 9.4 


36¢ | 




















* Urine collection for 1 day lost; metabolic values for remaining 4 days, multiplied by 5/4. 
Tt 4-day period. Metabolic values multiplied by 5/4. 
t Nitrogen loss in feces was considered to be 10% of the intake, or 4.1 gm. for period 1 to 7, 6.8 gm. for periods 8 to 36. 


| for 10 M.u. The 17-ketosteroids in the urine varied from 
8 to 14 mg./24 hours before treatment. X-rays showed 
| marked osteoporosis with numerous fractured vertebrae 
' and bilateral kidney stones. 


Both adrenals were explored. Biopsied sections were 
said to show no abnormalities. She received three courses 
of x-ray to the pituitary. There was a remission for about 


a year, with return of regular menses after the first course. 
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TasLe 2(cont). METABOLIC DATA ON CASE 2 





























Urinary 
Serum! : 
excretion! _— 
ie li ment! 
Ca | P | P-tase 17KS | Creat. 
| % | Bod. u mg./ mg./ mg. 
mg. m if g 8 
_ | et | 24hr. 24hr. Est. Bn. 
9.3" | 2.8V YP vd 17.2" 443” 3.3211 
| 3.3219 
14.0! 428! 3.32! 
| | 5 3all 
| 
| | 16.01¥ | 437!V 3.32 
13.0% 483. 
| | 3.321 
| | 3-321V 
| 10.3! 370! 3.32! 
3.320 
| 3.32 
8.4t! 1.7 3.31 18. 41V 5401V 
2.5? 3.8? 15.01 | 544h | 
18.5 | 
| 13.411 | grail 
| | 17" | 
| | 7. & 
g.ol | 29° | 7.6! 26.41V | 5X25 
23.242 | 5X25 
9.42 | 2.9% | 9.3! 25.0! | 5X25 
5X25 
gigt | a8! | 8:68 37. 0H | 5X25 
5X25 
g.o! 3.1 8.0! 30.21 670 5X25 
23.811 | sgpltt 5X25 
; 18.6% | 560% 5X25 
I 3.6% 12.4 | 
9 14.01 | sro! 
18.61V | 4381V 
| 
| 25.2% | 6087 5X50 
24.2" | 562" 5X50 
| 26. 8V 5581V 5X50 
8.7 | 3.3 | 15.67 22.4" 5949 5X25 
| 22.5% | §g0¥ 5X25 
. | : 5X25 
9.7% 3-44 | 24.97 25.4% | 670% 5X25 
17.8Y | 3979 5X25! 
8.of1 | 3.6 | 1.3% 21.6 5857 5X25! 
11.69 5257 5X 254 
13.6 6251V 5X25! 
g. 1} 4.3! 12.2! 5X254 
| 17.2% | 594% 5X25! 
8.31Y | 3.91% | a5.79¥ 24.01V | 654lV 4X25! 








Est. Bn. =a@ estradiol benzoate; V.P. = testosterone propionate. 
1 Roman numerals indicate day of period to which values 


pertain. 


2 Values determined December 8. 
3 Values determined January 13. 
4 Vitamin D2 (50,000 u) was administered daily also. 


The last two courses had no effect. Kidney stones required 


operation twice. 


She showed marked improvement on testosterone 
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| 
| therapy, as discussed below. It is of real interest that after 


= | cessation of therapy, her improvement continued and it 


| was found that the abnormality in sugar metabolism had 
| entirely disappeared. Now, 6 months after cessation of 
| therapy, her menses are normal and she presents no evi- 
| dence of a recurrence. 

Case 2 (M. G. H. 3397, fig. 5, 6, 7) is a 50-year-old 
native mother of 3 children, who has been followed at the 
Massachusetts General Hospital for the past 414 years 
with the diagnosis of Cushing’s syndrome. Her chief com- 
plaint when first seen was “marked weakness for 5 years.” 

She had had amenorrhea without hot flashes for 5 years; 
during this time she had noticed increasing facial and body 
hirsutism. Glycosuria had been noted 2 years before and 
treated with diet. She complained also of recurrent skin 
infections and brittleness of the nails. There had been a 
gradual weight loss of 86 lb. during the 4 years preceding 
her admission to the hospital. 

On examination, she presented the typical plethoric 
appearance. The skin showed atrophy, striae, dilated sub- 
cutaneous vessels and easy bruisability. The optic fundi 
showed irregular arterioles, hemorrhage and exudate. The 
facial hirsutism was striking. The abdomen and breasts 
were flabby and pendulous. The heart was not enlarged. 
Blood pressure varied from 130 mm. to 160 mm. systolic, 
and 75 mm. to 100 mm. diastolic. The clitoris was not 
enlarged. 

Extensive laboratory studies included: negative Hinton 
test result; R.B.C. varied from 4.1 to 5.5; Hgb. was go to 
100% (T.); urine, no albumen, intermittent glycosuria. 
Blood chemistry values were not remarkable. Serum so- 
diums were 142 and 142.5 milliequivalents per liter. Glu- 
cose tolerance tests showed a failure to return to fasting 
level 4 hours after administration of glucose. Combined 
glucose and insulin tolerance tests paralleled these figures. 
The B.M.R. was normal. Follicle stimulating hormone 
assayed for 10 M.U. was weakly positive once, and negative 
twice; 17 ketosteroids in urine varied from 18 to 36 mg./24 
hours. Electrocardiogram showed evidence of myocardial 
damage. X-rays showed extensive osteoporosis with 
numerous fractured vertebrae. 

Both adrenals were explored. Biopsied specimens were 
not considered abnormal grossly or microscopically. She 
received two courses of x-ray treatment to the pituitary, 
and one course to the thymus without apparent effect. 

She showed an amazing clinical improvement on testo- 
sterone therapy: walking a few steps without support 
after three years of complete invalidism in bed. 

Case 3 (M. G. H. 234190) was a 43-year-old woman 
who had been followed by Dr. H. G. Brugsch at the 
Boston Dispensary for 6 years with classical Cushing's 
syndrome. Through Dr. Brugsch’s courtesy we were 
enabled to carry on the investigations reported here. 

A complete case history with autopsy findings will be 
reported later. 

DISCUSSION 


The administration of testosterone propionate re- 
sulted in a consistent alteration of the metabolic pat- 
tern in all three cases. After the administration of the 
drug there was a marked decrease in the nitrogen and 
phosphate excretions in the urine. The ratio of the 
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TABLE 3. METABOLIC DATA ON CASE 3 












































| aes | | : 
5-Day | Urine | Drie d | Calcium | Phosphorus | Nitrogen ' 
pe- | Vol Feces | —_—— ae Ceo emees neg PEE ae ae ee 2 
riod , wt. | Ur- Fecal In- Bal- | Ur- Fecal In- |  Bal- | Ur- | 10% of| In- | Bal- 
| ine ecal | take | ance | ine eca" | take | ance | ine | Int. | take | ance 
———— - | i 
1940 l. gm. || gm. gm. gm. gm. | gm. gm. gm. | gm. | gm. gm gm. | gm. 
I 8-12 5.8 73 (| 1-13 | 3-10] 4.11 | —O.12] 2.15 | 1.07 | 2.66 | —0.56 | 43.9 | §.2 | 51-9] — 2.8 | 
2 13-17 7.3 118 | 1.07 | 2.73 | 4.11 | 0.31 || 2.30 | 0.89 | 2.66 | —0.§3 || §1.3 | esa | Seo | + 4.6 
3 | 18-22 | 7.0 14 | 1.10 | 1.971 | 4.11 | #1.30 ] 2.21 | 0.65 | 2.66 | —0.20 | 56.0 | 5.2 §1.9 | — 9.3 , 
4 23-27 "7.3 I7I | 1.02) $28. | g228 | = 2.03 | 1.90 | 1.92 | 2.66 | —1.16 | 50.1 | 5.2 08} =" 34 
5 28-5/2) 7.1 24 || 1.22) 1.98 | 4.11 | +0.92 | 2.25 | 1.56 | 2.66 | —1.15 |] $1.3 | §.2 51.9 | — 4.6 
6 | 5/ 3-7 "7.7 69 | 1.11 | 3.44 | 4.11 | —0.44 | 1.86 | 1.44 | 2.66 | —0.64 || 46.5 5.2 51-9) | ar -0.2 
val 8-13 | 8.3 go || 1.10 | 2.42 | 4.11 | +0.59 || 1.73 | 1.07 | 2.66 | —0.14 || 46.2 552 51.9 | + 0.5 
8t 14-16 | 4.3 169 || 1.03 | 3.85 | 4.11 | —0.77 || 1.61 | 1.76 | 2.66 | —0.71 | 42.8 | 5.2 | 51-9 | + 3-9 
9 18-22 | 8.9 | 34 | 0.99 | 2.48 | 4.11 | +0.64 | 1.64 | 1.19 | 2.66 | —0.17 | 46.30| S52. ($220) | oP a5 
10 23-27 | 8.3 | 62 || 1.08 | 2.46 | 4.11 | +0.57 | 1.64 | 1.22 | 2.56 | —0.20 || 43.3 | 5.2 | 51-9 | + 3.4 
11f 28-6/1) 7.8 203 | 1.02 3-38 | 4.11 | —0.29 | 1.60 | 1.76 | 2.66 | —0.70 || 44.4 | 5.2 | 51.9 | + 2.3 
12 | 6/ 2-6 8.4 61 | 0.85 | 2.80 | 4.11 | +0.46 | 1.56 | 1.27 | 2.66 | —0.17 ] 42.5 | 5.2 | 51.9|/ + 4.2 § 
13 7-11 8.5 117 o.82 3.96 | 4.11 | —0.67 || 1.20 | 1.80 | 2.66 | —0.34 || 33.2 | 4.2 | 51.9 | 413.5 
14 12-16 | 7.1 108 | 0.79 | 3.52 | 4.11 | —0.20 | 0.61 | 1.31 | 2.66 | +0.74 || 26.5 5.2 51.9 | +20.2 
15 | 17-21 7.1 88 || 0.66 | 2.66 | 4.11 | +0.79 || 0.57 | 0.99 | 2.66 | 41.10 || 23.3 53 51.9 | +23.4 
16 22-26 | 5.8 77 (‘|| 0.60 | 3.14 | 4.11 | 0.36 | 0.97 | 1.17 | 2.66 | +0.52 | 27.6 | 5.2 | 51.9 | 119.1 
+ Periods 7, 8, and 11 were not 5-day periods but 6, 3- and 4-day periods respectively. Metabolic data were multiplied by 5/6, 5/3 
and 5/4 respectively. 
“ « pe 
abe 
meas: mg 
a@ NN Pr 
c 
e+ 
3+ 
54s 
3 A 
p a 
ron | ees ow i 
+d . os 
+0, e an 338 Seeq peeg : H 
> 2 i i a a ee 
Po : ae 
2 tod Pe a a : % 
= - ‘ PHOSPHOR BALANCE ‘ 2 | 
24 < : Ai basi i 
2 : o=-- eee, FHOSEHORLS BALANCE SERUM PHOSPHORUS! 2 a * —— °8 
ee i = ‘| & —— gs8 
Fy 9 tg = 3 ' 
~og 3 : oa -_ ; i 
2 : 4 m= i_a----}---—-- ss : 
oe ° Tae... a arr Jere $ 
5 + | : $ 
3 


SERUM PH« 





GM URINE CA ClUM 
o © 
! 


CM, URINE PHOSPHORUS 





o 


° 





> 
> 


re 




















Fig. 1. NITROGEN, PHOSPHORUS AND CALCIUM METABOLIC DATA in Case 1, in relation to estradiol benzoate therapy, testosterone 
propionate therapy, testosterone propionate and insulin therapy, and estradiol benzoate and testosterone propionate therapy. In this, 
as in subsequent experiments, the patient was on the same low calcium diet throughout the experiment and for at least 5 days before 
metabolic collections were started; furthermore, the majority of the calcium intake came from added calcium gluconate rather then | 
from the diet per se. In this, as in subsequent tables, the fecal values were averaged in groups of 2, 3 and 4 periods, a new group 
always being started at the time of a change in therapy. Since the ratio of calcium to phosphorus in bone is 2:1, the scale for the cai: 
cium balance has been chosen so that a fluctuation of 1 gm. of calcium will equal 0.5 gm. of phosphorus. The scale for the nitrogen 
balance is 1/20 that of the phosphorous balance, which is roughly of the order of magnitude of the ratio of nitrogen to phosphorus in Fi 
protein, namely 17:1. The important findings are discussed in the text. | prop: 
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Taste 3(cont.) MeTABOLIC DATA ON CASE 3 
































Serum! Usinery Treatment 
excretion 
Ca P P-tase | 17-KS? | Creat. || T.P. | Prog. 
mg.% | mg.% | Bod. u mg./24 hr. mg. | mg. 
10.5! 3.3) 4.37 
10.3” 3.4" 6.2” 
14.9! 
10st | 3.3 | 9.6" ; : 
, 15.254 | gool¥ 5X10 
9.9" 3.0" 5.4" | 14.8!V | grol¥ 5X25 
3X25 
17.01 | 768! 5X25 
: ; _ | 14.8! 5X25 
9.6% 3.4" 3.9" | 13.08 | 8457 5X25 
4X25 
16.6 | 810! || 5X25 
9.3 | 3.08] 3.5Mt |] 9. 4IY | qool¥ | 5X25 
11.2% | '740¥ 5X25 
9.3° 25° 8.43 16.0Y | 855% | 5X25 





1 Roman numerals indicate day of period to which values 
pertain. 

2 Values obtained before beginning balance experiments were 
as follows. April 4: 17-KS=11.5 mg./24 hr.; creatinine=925 
mg./24 hr. April 5: 17-KS=11.8 mg.; creatinine=990 mg./24 hr. 

3 Value determined June 27th. T.P.= Testosterone propionate. 
Prog.= Progesterone. 
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change in nitrogen excretion to that in phosphorus 
excretion was approximately 17:1, the ratio of these 
substances in protein. The shift in the nitrogen bal- 
ance was circa 20 gm. (= 125 gm. of protein) per 5- 
day period. According to Shohl (13), an adult body of 
70 kg. contains about 2100 gm. of nitrogen. One may 
assume for our purposes, that an adult of 50 kg. will 
contain about 5/7 of this, or 1500 gm. of nitrogen. It 
will be seen, therefore, that, if one uses 1500 gm. for 
the amount of nitrogen in a normal female, these pa- 
tients were retaining nitrogen at the rate of about 
8% of the normal body nitrogen per month. In addi- 
tion, there was a gradual decrease in the urinary cal- 
cium excretion. This trend persisted for weeks to 
months, at the end of which time the urinary calcium 
excretion was negligible. With the change in the 
urinary calcium excretion there was a gradual increase 
in calcium balance. After weeks to months, there was 
a delayed significant rise in the serum phosphatase. 
After cessation of testosterone propionate therapy 
the opposite changes in the same sequence resulted. 

Associated with the metabolic changes there was 
an extraordinary change in the clinical picture. The 
| patients all gained in weight and in strength; their 


| 


jabdomens became less protuberant, the skin became 
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Fig, 2. NITROGEN, PHOSPHOROUS, AND CALCIUM METABOLIC DATA in Case 2, in relation to estradiol benzoate therapy, testosterone 
propionate therapy in two different doses, and vitamin D and testosterone propionate therapy. Details are the same as in figure t. 
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noticeably thicker, with a disappearance of the red- 
dish hue; they bruised less easily. 

The above results, metabolic and clinical, at least 
suggest that testosterone overcomes the fundamental 
disorder in this disease; that is, decreases the hyper- 
gluconeogenesis. If that is true, the sequence of 
events following the administration of therapy may 
be as follows. 

(a) Decreased gluconeogenesis 

(b) Increased availability of amino acids 

(c) Increased production of protein from amino acids 
with reduction of phosphate excretion 

(d) Increased body tissues, notably skin, muscle, and 
bone matrix 

(e) Increased serum phosphatase, an index of in- 
creased bone matrix formation 

(f) Deposition of calcium and phosphorus into this 
bone matrix with resulting decreased urinary calcium 
excretion and increased calcium balance. 


To recapitulate, the authors had an hypothesis 
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Fig. 3. CoMPARISON OF THE EFFECT OF PROGESTERONE WITH 
TESTOSTERONE PROPIONATE THERAPY IN Case 3 on the nitrogen 
phosphorous and calcium metabolic data. Details are the same as in 
figure 1. 
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concerning Cushing’s  syn- 
drome; a series of experiments 
was set up to test this hypothe- 
sis; the expected results were 
obtained. This by no means es- 
tablishes the hypothesis. 
Furthermore, the hypothesis 
concerning Cushing’s syndrome 
may be correct, but the explana- 
tion of the mechanism by which 
testosterone produces the bene- 
ficial effects may be incorrect. 
It may be that testosterone acts 
not by inhibiting gluconeogene- 
sis but by promoting tissue 
growth. In favor of this second 
hypothesis is the fact that chil- 
dren with the adreno-genital 
syndrome (caused by an over- 
production of testosterone or of 
some other steroid closely akin 
to testosterone) have somatic as 
well as sexual precocity. A third 
alternative is that testosterone 
may exert its effect by an inhib- 
iting influence upon the pitui- 
tary. The possibility, of course, 
exists that those patients with 
Cushing’s syndrome, who do 
not have adrenal cancer, have 
hyperadrenocorticism because of 
over-production of some pitui- 
tary corticotropic hormone. 
There is some evidence from these studies to favor 
this third hypothesis. Thus, in case 1 there was a com’ 
plete remission, even to the extent of having a normal 
glucose tolerance test, after 24 months of testoster- 
one therapy; in case 3, the patient died of cerebral 
hemorrhage during her third month of therapy; at 
autopsy there was found a pituitary adenoma, the 
cells of which could not be classified. The authors 
wonder if the cells of the tumor may not have origi- 
nally been basophil cells and may not have been in the 
process of alteration as the result of therapy. 


Fig. 4. LaTerat 
VIEW OF case I show- 
ing that the so-called 
girdle obesity in this 
patient is the result of 
a relaxed protruding 
abdomen. Note also 
characteristic striae. 


SUMMARY AND CONCLUSIONS 


To keep clear the distinction between facts and 
theories, facts are printed in italics. 

1. Cushing’s syndrome, whether the result of a 
cancer of the adrenal or otherwise, is associated with 
a hyperadrenocorticism. 

2. The hyperadrenocorticism results in a hyper- 
gluconeogenesis. 

3. The hypergluconeogenesis leads not only to an 
overproduction of sugar with decreased glucose tol- 
erance, but to a decreased availability of amino acids 
with which to build protein. 
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Fig. 5. INFRA RED PHOTOGRAPH OF case 2. Note thinness of 
skin as compared with control arm, relaxed abdominal wall, 
hirsutism of face and protuberance of sternum, the result of 
collapsed vertebrae. 

4. Many of the clinical manifestations of Cush- 
ing’s syndrome are the result of protein lack as exem- 
plified by: 

(a) Muscular weakness, with low creatinine ex- 
cretion indicative of a decreased mass of muscle 

(b) Thin skin, two manifestations of which are 
characteristic reddish hue resulting from transparency 
of the skin and purplish striae resulting from cracking 
of a friable skin 

(c) Easy bruisability, the result of atrophy of the 
walls of blood vessels 

(d) Osteoporosis, which by definition is the result 
of lack of bone matrix. 

5. Testosterone propionate therapy in 3 cases of 
“ushing’s syndrome, without adrenal cancer,resulted in: 

(a) Prompt retention of nitrogen, circa 20 gm. per 
5 days 

(b) Prompt retention of phosphorus, the ratio of re- 
tained nitrogen to retained phosphorus being approxi- 
mately their ratio in protein 
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(c) A gradually decreasing urinary calcium excre- 
tion, with a gradually increasing calcium balance 

(d) A delayed rise in serum phosphatase level, which 
is an index of bone matrix formation. 

6. The above changes, (a) through (d), reversed them- 
selves in the same sequence when therapy was discon- 
tinued in one of the patients. 

7. Associated with the marked nitrogen retention 
were the following clinical changes: 

(a) Increase in strength and weight 

(b) Decrease in redness of the skin 

(c) Loss of easy bruisability 

8. Three alternative hypotheses concerning the 
possible mode of action of testosterone are discussed: 

(a) An inhibition of gluconeogenesis 

(b) A stimulation to tissue growth 

(c) An inhibitory effect on some pituitary corti- 
cotropic hormone. 

ADDENDA 

Certain observations were made in the course of 
these studies which do not directly concern the main 
thesis of this paper and were not presented before the 
Association for the Study of Internal Secretions, but 
which seem worth recording. 

Estrin Therapy 

Estrin therapy was tried in cases 1 and 2 because 
the osteoporosis in Cushing’s syndrome is very simi- 
lar to that seen in the postmenopausal state, and be- 
cause it has been shown in this laboratory that estrin 
therapy has a markedly beneficial effect on the cal- 
cium balance in postmenopausal osteoporosis (10). 
Furthermore, estrin has been reported to have a bene- 
ficial clinical influence in Cushing's syndrome (14, 15). 
In figure 1 and table 1, it will be seen that estradiol 
benzoate therapy failed to exert a beneficial effect on 
the nitrogen, phosphorus or calcium balances in case 
1. Indeed there is some suggestion that with larger 
doses there was a detrimental effect (see periods 13 
and 14). Similarly negative results were obtained in 





Fig. 6. LATERAL VIEW OF SKULL OF case 2 showing progression of characteristic decalcification. A, 1/20/37; B, 7/12/39. 
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Fig. 7 LATERAL VIEW OF THORACIC SPINE OF Case 2. A, 1/20/3753 
B. 7/ Pale Note two collapsed vertebrae in A, and note multiple 
fractures of all vertebrae in B, in spite of which patient was sub- 
sequently able to walk. 


case 2 (fig. 2 and table 2), although here the data were 
less convincing because the patient had been on es- 
tradiol benzoate therapy before the studies were 
made, so there were no control periods. 

Furthermore, in case 1 estrin therapy in conjunc- 
tion with testosterone therapy did not improve the 
effect of testosterone by itself (fig. 1, table 1, periods 
30, 31, 32). 

Progesterone Therapy 

Since progesterone is chemically and biologically 
so closely related to testosterone, it was hoped it 
might have the same beneficial effect as testosterone. 
Accordingly, in case 3 (fig. 3; table 3, periods 6-12), 
it was administered in the same milligram dosage as 
was subsequently used with testosterone. As will be 
seen, progesterone apparently did have a slight effect 
on the phosphorus and nitrogen balances, but very 
much less than that subsequently obtained with 
testosterone. 

Vitamin D Therapy 


The disorder in osteoporosis is thought to be a dis 
order of bone matrix formation and hence not a pri- 
mary disorder of calcium metabolism. Since one of the 
main actions of vitamin D is to increase calcium ab- 
sorption from the gastrointestinal tract, it seemed a 
priori very unlikely that this should have any bene- 
ficial effect where the bone disorder is the result of 
lack of bone matrix and not of lack of calcium. None- 
theless, in case 2 the effect of vitamin D was tried 
(fig. 2; table 2, periods 29-36). It will be seen that the 
calcium balance did increase under the vitamin D 
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therapy in conjunction with testosterone therapy. 
However, since the calcium balance was already in- 
creasing as the duration of testosterone therapy was 
prolonged, it is not clear from the experiment whether 
vitamin D altered the trend. Attention should be 
called to the extraordinarily large calcium balance at 
the end of the investigation in this case, circa 500 
mg. a day, after 100 consecutive days of testosterone 
therapy and 40 days of vitamin D therapy. 

Whether any importance should be attributed to 
the depression of serum phosphatase level after the 
administration of vitamin D therapy is problematical. 


Additional Summary and Conclusions 


Estradiol benzoate in 2 patients with Cushing's 
syndrome did not beneficially alter the nitrogen, phos- 
phorus, or calcium balances; nor in conjunction with 
testosterone did it increase the beneficial effect attained 
with that agent alone. 

Progesterone apparently had a slightly beneficial ef- 
fect on the balances of nitrogen and phosphorus in one 
case of Cushing’s syndrome, but milligram for milli- 
gram it was very much inferior to testosterone pro- 
pionate in this respect. 

Studies are reported in one case of Cushing's syn- 
drome where vitamin D was given in conjunction with 
testosterone propionate; no conclusions are drawn. 


Acknowledgement is made to the Schering Corporation, Bloom- 
field, N. J., for generous supplies of testosterone propionate 
(Oreton), alpha estradiol benzoate (Progynon-B) and progesterone 
(Proluton). 
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ADRENAL CORTEX 


NE OF THE MOST IMPORTANT FUNCTIONS of the 
O suprarenal glands is the maintenance of the 
electrolyte equilibrium of the blood plasma, 
markedly modified in suprarenal insufficiency (Addi- 
son’s disease) which is evidenced by natropenia, hy- 
pochloremia and hyperpotassemia. This electrolyte 
disequilibrium is in accord with the diminution of the 
blood volume, the increase in non-protein nitrogen 
and the diminution of the alkaline reserve in the 
blood. In 1939, Hartman (1) reported a substance, 
other than cortin, which was able to increase the 
sodium content of the blood plasma. In 1940 (2, 3), 
the same author and his coworkers claimed to have 
found in suprarenal extracts two separable and dis- 
tinct substances: cortin, directly related to the vital 
function of the adrenal cortex, and a substance desty- 
nated as Na factor (1), occurring in the cortex as well 
as in the medulla. The Na factor was considered to be 
responsible for the maintenance of the normal value 
of the sodium cation in the plasma. Its deficiency pro- 
motes the loss of sodium through the kidneys occur- 
ring in adrenal insufficiency. Hartman described the 
results obtained in his experimental work undertaken 
on adrenalectomized cats and dogs. He reached the 
following conclusions. 

a) Adrenalectomized cats are maintained in appar- 
ently good condition by cortin alone; but the plasma 
sodium remains at levels characteristic of adrenal in- 
sufficiency. : 

b) Adrenalectomized cats can be kept alive on Na 
factor alone, but without the apparently good health 
of the animals treated with cortin. The level of the 
plasma sodium is in direct relation with the quantity 
of Na factor injected, increasing further when cortin 
is injected at the same time. 

c) The Na factor acts by controlling the concen 
tration of the plasma sodium but it does not exert a 
direct action on the levels of potassium, urea: and 
glucose. 

These experiments have interested us very much, 
since we consider that the availability of a substance 
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FACTOR’ OF ADRENAL CORTEX 


AntHony M. Capurro 
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capable of preventing loss of blood sodium is of ex- 
traordinary therapeutic value, not so much for the 
treatment of Addison’s disease, but for therapy in a 
numerous group of morbid conditions, in which hy- 
ponatremia is an outstanding feature of the state of 
electrolyte impairment in the blood plasma. 

The sodium cation plays an extraordinary role in 
regulating the electrolyte equilibrium in the blood 
plasma, as Giménez Diaz (4) has emphasized. The 
analysis of the experiments permits a deduction which 
is considered by us to be of fundamental importance. 
If we accept the existence of a substance of supra- 
renal origin, able to prevent the loss of plasma sodium, 
we must consider the lack of the renal function of 
base reserve and, in general, the hyponatremias as 
being directly or indirectly in relation to suprarenal 
insufficiency and, consequently, as constituting a con- 
dition to be treated with Na factor of the adrenal 
cortex. 

Accordingly, we decided to try the application of 
the Na factor in clinical practice. The material was 
prepared by the Dominguez Laboratories of Buenos 
Aires according to Hartman’s original technic; the 
differential solubility of the Na factor and cortin in 
certain organic neutral solvents having been taken 
into account as well as of their different tendencies to 
form colloidal solutions in water. Each cc. of the 
preparation employed contained the Na factor from 
250 gm. of beef adrenals, prepared by previously de- 
scribed modifications of the original method. Small 
quantities of cortin were added to the preparation to 
increase its action as Hartman has suggested. 

The indications for the use of the sodium factor, 
other than Addison’s disease include: diabetes with 
acidosis and, especially, diabetic precoma and coma; 
nephritis and the so-calléd extrarenal uremias; differ- 
ent postoperative conditions (paralytic ileus, gastric 
dilatation, vomiting); shock; diarrheas; vomiting of 
pregnancy; intestinal obstruction; profuse perspira- 
tion; various intoxications; toxicosis and acetonemic 
vomiting of childfen; and edema. These indications 
for Na factor embrace in general the conditions in 
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which exists the syndrome which Kerpel-Fronius (5) 
called “lack of salt.’ Furthermore, it would be indi- 
cated in the process in which there is no real hypo- 
chloremia but an increase in tissue chloride with 
hyponatremia. In all of these conditions, the funda- 
mental factor is hyponatremia, since the picture does 
not get worse as long as the hypochloremia is not 
accompanied by hyponatremia (6). 

Hartman’s Na factor has been given by us to pa- 
tients presenting a clinical picture in which natro- 
penia acted as an important factor. The first cases 
treated are reported here. 

Case 1. A woman patient had been splenectomized 
as treatment for hypersplenic anemia and hemolytic 
jaundice. The following day she was in a serious state 
to which an alkaline reserve of 39 vol.% COs: con- 
tributed. She was given an intravenous injection of 
5 cc. of the Na factor solution. The next day the 
patient improved extraordinarily; the alkaline reserve 
had been raised to §9 vol.%, and the patient con- 
tinued in excellent condition until she left the hos- 
pital. 

Case 2. The patient, mother of a physician, was a 
diabetic in a precomatous state which did not dis- 
appear with the usua! treatment; she was given two 
injections of 1 cc. each of the Na factor at an interval 
of 4 hours. Following the first injection, the patient 
began to recover her normal lucidity which she re- 
gained totally after the second injection. 

Case 3. The patient was operated on for a post- 
appendicular peritonitis. Since the second day after 
the operation and for approximately two weeks there- 
after, she suffered from intractable vomiting and 
nausea which did not permit her to take food or to 
get rest. She was given 1 cc. of Na factor solution. 
The vomiting and nausea ceased quickly, she was 
able to retain food, her appetite returned and she was 
able to sleep. Her progress from then on was un- 
eventful. 

Cases 4, 5. These were also postoperative condi- 
tions with nausea and vomiting. These disturbances 
disappeared after one injection of 1 cc. of the Na 
factor solution. In both cases, the gastric troubles had 
lasted for more than one week. 

Case 6. A patient, with renal lithiasis, had per- 
sistent vomiting on several occasions, which did not 
cease in spite of all the medications given. Each time, 
vomiting disappeared after the administration of Na 
factor. 

Case 7. This patient had tuberculosis of the lungs 
and amyloid degeneration. Generalized edema was 
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present, irreducible under the habitual treatments. 
With 3 injections of Na factor solution, the edema 
totally disappeared in the course of 3 days. 


DISCUSSION 


It is our opinion that the therapeutic administra- 
tion of Hartman’s Na factor of the adrenal cortex is 
of extraordinary interest and contributes to the 
understanding of the pathogenesis of a numerous 
group of morbid conditions in which primary or 
secondary suprarenal insufficiency exists as an ex- 
citing factor. 

The number of cases in which Hartman’s Na 
factor has been given is limited. We are also conscious 
of the fact that it is premature to speak about the 
real action of the preparation, since it has not been 
possible to carry out in all the cases determinations 
not only of the alkaline reserve, but also of sodium, 
potassium and chlorine of the blood plasma before 
and after the treatment. In spite of this we believe 
that the facts, supported by experimental investiga- 
tions, are decidedly in favor of the clinical use of this 
preparation. 


SUMMARY 


The therapeutic value of the discovery made by 
Hartman and his coworkers of a substance, designated 
Na factor, extracted from the suprarenal glands, is 
pointed out. This substance provokes in adrenalec- 
tomized animals a marked elevation of the Na level of 
blood plasma. Because of the exceptional importance 
of the concentration of the sodium cation in the 
maintenance of the electrolyte equilibrium in the 
blood, a significant relationship is indicated between 
the hyponatremias observed in numerous morbid con- 
ditions other than Addison’s disease and a primary 
or secondary suprarenal insufficiency. In accordance 
with this, a preparation of the Na factor was made 
and administered clinically with encouraging results 
in seven cases of various types. 
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INSULIN RESISTANCE’ 


admitted to the Los Angeles County General 

Hospital who was discovered to be insulin re- 
sistant and who subsequently died of diabetic aci- 
dosis. During the eleven dramatic days the patient 
was under our observation much effort was expended 
searching the literature for helpful suggestions for 
the treatment of the condition, while at the same time 
we attempted to carry on as intensive a study of our 
patient as was possible. Because of the rather chaotic 
state of current knowledge of this subject, we de- 
cided that a critical survey of the world literature 
with a report of our case might help clarify an im- 
portant, even if comparatively rare situation. The 
term insulin resistance has been freely used since the 
discovery of insulin, but investigations published 
during the first eight or ten years following its intro- 
duction into therapeutics in 1922 have been more 
confusing than enlightening. Falta (1) was the first 
investigator to publish studies on insulin resistance 
and he devised a set of tests with intravenous insulin 
and rate of fall of the blood sugar whereby the pres- 
ence or absence of this condition could be established. 
Radoslav (2), MacBryde (3), Monasterio (4, 5), 
Rimbaud (6), Norgaard and Thaysen (7), Labbé (8), 
Carriére, Gineste and Belbenoit (9) have elaborated 
or modified his methods. 

In order to obtain a basis for discussion, we believe 
that the term insulin resistance should be well- 
defined. Two factors seem important: the element of 
time and the amount of insulin required. Both are 
important if we are to exclude from our discussion 
temporary changes in the diabetic status produced by 
such complications as coma, infection, etc. All stu- 
dents of diabetes are constantly confronted with the 


1: APRIL 1939, a patient with diabetes mellitus was 
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problem of meeting temporary demands for increased 
insulin dosage. For the purpose of our discussion such 
temporary changes, usually involving comparatively 
small increases of insulin, must be arbitrarily ex- 
cluded. 

As a starting point, we may use Root’s (10) the- 
oretical calculation of the daily insulin requirement 
of a completely depancreatized man. Employing 
values obtained on depancreatized dogs, Root esti- 
mated the insulin needs of such a man as between 
200 and 300 u daily. A diabetic patient under certain 
conditions such as coma or infection may require 
even more insulin, but usually will respond to large 
doses by a fall in blood sugar in the course of 24 to 
48 hours. We therefore choose to include in our defi- 
nition of insulin resistance only those cases in whom 
after 48 hours observation, 200 or more units of 
insulin were required without an appreciable lower- 
ing of the blood sugar. 

Under such a definition will be included cases of 
insulin resistance of both known and unknown eti- 
ology. This is in contradiction to the statement of 
Lawrence (11) who calls cases of known etiology 
“false insulin resistance.” These factors known to 
cause insulin resistance are acidosis, infections, sepsis, 
overactivity of physiologic antagonists of the pan- 
creas (pituitary, thyroid and adrenal secretions—the 
so-called extra-insular diabetes of Falta) and liver 
disease such as hemachromatosis. We emphasize that 
our definition is arbitrarily made on the combined 
bases of time and the amount of insulin. 


PRESENTATION OF CASE 
A. History 


Present illness. The patient, a 53-year-old Jewish fe- 
male, was admitted to the Diabetic Ward (Service of Dr. 
Strouse) of the Los Angeles County General Hospital 
on April 3, 1939. A known diabetic for 12 years, she 
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was supposed to have been controlled on diet alone prior 
to 8 days before admission to the hospital. At this time 
her physician decided she needed insulin and prescribed 
25 u of protamine zinc insulin every morning. Except for 
a brief period 3 years previously, prior to an operation 
(elsewhere), she had never received insulin. This insulin 
was regular insulin of unknown amount, from which she 
apparently had no ill effects. On April 1, 1939, 5 days after 
starting the use of protamine zinc insulin she developed 
pain in the front of the left chest which radiated to the 
base of the neck, “grabbing in character,” associated with 
some shortness of breath. At the same time she noted a 
generalized itching rash which had persisted up to the 
time of entry to the hospital 2 days later. 

Past history. An erythematous lesion of head and neck 
was treated at the Los Angeles County General Hospital 
Skin Clinic in 1935. No definite diagnosis was made at 
this time. The patient had also had frequent attacks of 
precordial pain associated with respiratory distress since 
1935. A cholecystectomy and repair of a ventral hernia 
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were performed in 1921, and a partial hysterectomy in 
1935. 

Menstrual history. No abnormalities were noted in the 
history. No record of the menopause was found. 

Family history. No history of diabetes mellitus in the 
family was obtained. 

Physical findings. The temperature was 100.2°F.; the 
pulse was 102 per minute and regular; the respirations 
were 22 per minute; and the blood pressure 122/72 mm. 
of Hg. The patient was a well-developed, fairly obese 
Jewish female who was conscious and rational, and who 
appeared to be in moderate distress due to pruritus from 
a generalized urticaria. The heart and lungs were normal 
on auscultation and percussion. No abnormalities were 
noted in the examination of the abdomen. A few shotty, 
non-tender glands were palpable in the neck and epitroch- 
lear areas. Varicosities were present in both legs. There 
was a generalized urticaria, with many wheals on both 
arms, and a puffiness of the eyelids. 











TABLE I 
CO, Fluid 
Date Intake Insulin Blood Combining Intake Output ey ad 
— power Volume a 
U mg. % vol.% cc. 
4/3 10 cc. Ca gluc. i.v. R25 s.c. 260 Not checked Hb. 98%; W.B.C. 16,800; 
Diet: Cal. 1360, C 100, P 60, F 80 RBC. 9.0; P 6a;-b t4; 
H.O per os M 4; E2. 
4/4 H.O per os R170 s.c. 370 28 4010 2450 
2000 cc. Na lact. i.v. 408 32 a + 
1000 cc. 10% glucose in saline i.v. 317 24 HO per Pottenger 
10 cc. Ca glue. i.v. os suction 
1000 cc. Normal saline i.m. 
Diet as above 
Pottenger suction 
4/5 1000 cc. Normal saline i.v. R70 s.c. 541 18 7260 4970 
1000 cc. Hartman's sol. i.v. 417 8 
3000 cc. Na lact. Rg25 i.v. 408 15 H.O per Pottenger 
10 cc. Ca gluc. 500 20 os suction N.P.N. 47 
500 cc. Blood and 417 13 
500 cc. Citrate i.v. 385 18 
1250 cc. §% Na bicarb. 
(stomach tube) 
H,O per os 
4/6 2000 cc. 5% glucose i.v. R1190 i.v. 500 18 9500 8550 N.P.N. 50 
3000 cc. Hartman’s sol. i.v. 500 22 + - 
3000 cc. Na lact. i.v. 345 19 Ice Creatinine 4.5 
1000 cc. Normal saline i.v. 400 42 chips 
500 cc. §% Na bicarb. per os 295 48 Urine alb. 0; mic. neg. 
H2O per os. (ice chips) 
Some nourishment 
4/7 3000 ec. Na lact. i.v. R70 im. 247 48 5350 3865 Alb. 4 
2350 cc. H2O per os R135 im. 221 61 Glob. 2.9 
Some nourishment 294 60 Urine alb. trace 
286 60 Urinary diastase, normal 
4/8 1000 cc. Na lact. i.v. R275 im. 260 72 5705 6205 
4705 CC. per Os 292 68 
Nourishment 303 54 
C 101, P 68, F §9 (1207) 351 52 
4/9 3200 cc. Na lact. per os R255 im. 274 55 6840 7680 
3640 cc. H2O per os 268 57 
Nourishment 345 48 


C 123, P 59, F 68 (1380) 
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Tasie 1—Continued 
Date Intake Insulin pony Combining Intake Output ay eneey 
8 power Volume tele 
U mg. % vil. %G cc. 
4/10 3000 cc. Na lact. iv. R415 im. 265 55 7540 9715 
1000 cc. Na lact. per os R200 i.v. 305 48 
3540 cc. H2O per os 415 30 
263 35 
4/11 vyoo cc. Normal saline per os R325 im. 317 33 11400 9075 N.P.N. 26 
4700 cc. HO per os R380 i.v. 333 20 
2000 cc. Na lact. i.v. C500 i.v. 328 13 
2000 cc. Normal saline, i.v. 241 13 
1000 cc. 5% gluc. i.v. 333 13 
Nourishment 
C 103, P 57, F 68 (1252) 
4/12 9000 Normal saline i.v. R100 i.v. 500 12 11645 1705 N.P.N. 33 
1000 cc. §% gluc. i.v. C1080 i.v. 455 15 
625 §% Na bicarb. i.v. 400 _ Creatine 5.7 
1000 cc. Normal saline clysis 500 — 
20 cc. Blood 420 13 Urine alb. 1+ 
(Autogenous) i.m. 420 15 
278 20 
228 17 
4/13 500 cc. Na lact. per os C40 im. I9I 20 7440 1405 
240 cc. Na bicarb. per os 225 28 
2550 cc H2O per os 272 28 
4000 cc. Normal saline i.v. 330 33 
150 cc. 50% sucrose i.v. 5 27 
4/14 150 cc. 50% Sucrose i.v. C50 i.m. 364 24 475 840 Hb. 74%; W.B.C. 12,600; 
1 cc. Mercurpurin C200 i.v. 513 a R.B.C. 3.9; P 88; L 10; 
325 cc. HO per os 38 M2 
Serum NaCl, 659; Na, 
364 (normal 325); K, 27.4 
(normal 15-21). 
Urine Na, 264 mg.; K, 
104 mg./100 cc. 
TOTAL 11-DAY PERIOD 
Ca gluconate 30 cc. R, im. ; : 
pe miss High 541 High 72 
Na lactate 22,500 cc. i.v. 2930 Low 191 Low 8 
Normal saline 19,700 cc. 4505 
Hartman’s solution 4000 cc. 
Na bicarb. i.v. 625 C,i.m. 90 
Blood transfusion 500 cc. iv. 1780 
1870 


Total 6375 u 








Ca gluc.=Calcium gluconate 
C=Crystalline Insulin Units 
R= Regular Insulin Units 


Course in hospital. (Refer to table 1 for details of 
laboratory work and therapy.) On admission, 4-3-39, 
the patient was considered to be a mild diabetic with 
a sensitivity to protamine zinc insulin, resulting in 
a generalized urticaria. She was put on a low carbo- 
hydrate, low calorie diet, 25 u of regular insulin, and 
calcium gluconate intravenously, for the urticaria. 


i.v.=Intravenously 
i.m.=Intramuscularly 
s.c.=Subcutaneously 


The next day, 4-4-39, it was apparent that her con- 
dition was more serious, as she had become restless, 
somewhat irrational, and the temperature had risen 
to 102.6°F. The blood sugar was 370 mg.% and the 
carbon dioxide combining power had fallen to 28 
volumes %. The patient was given 170 u of insulin 
in divided doses and 3000 cc. of fluid intravenously. 
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Despite this therapy the blood sugar remained be- 
tween 408 and 317 mg.% and the CO, combining 
power between 32 and 24 vol.%. An intradermal 
test with 0.1 cc. of protamine zinc insulin gave a large 
wheal in 15 minutes. Negative results were obtained 
with regular insulin (several brands) and with 
crystalline insulin. 

On 4-5-39, the patient became semicomatose and 
vomited. Brownish fluid (1700 cc.) was obtained by 
gastric lavage. When aroused the patient complained 
of pain in the chest. An electrocardiogram was taken 
which showed a regular sinus rhythm, left axis devia- 
tion and no other findings of note. The blood pres- 
sure dropped from 120/60 to 80/60 mm. Hg, and the 
pulse became weak, thready, and rapid. A blood 
transfusion of 500 cc. was given with good response, 
the blood pressure rose to 120/70 and the pulse be- 
came full and bounding. Despite 70 u of regular 
insulin subcutaneously and 925 vu of regular insulin 
intravenously (in divided doses) the blood sugar fall 
was slight, from 541 to 385 mg.%, and the CQ, com- 
bining power fluctuated between 20 and 8 vol.%. 
Fluid, 5000 cc., was given intravenously. At this 
time it was appreciated that the patient was insulin 
resistant. 

On 4-6-39, 1190 U of regular insulin and gooo cc. 
of fluids were given intravenously. The urticaria had 
disappeared. The patient remained semicomatose, 
but showed a general improvement towards evening. 
The blood pressure remained 120/70 mm. Hg. 

On 4~7-39, the patient was remarkably improved, 
appeared rational, alert, and began to eat well. Be- 
cause of the marked improvement the insulin dose 
was decreased to 205 u of regular insulin intramuscu- 
larly for the 24-hour period and 3000 cc. of fluid 
intravenously. With this regimen the blood sugar 
fluctuated between 221 and 294 mg. %, and the CO, 
combining power rose from 48 to 60 vol. %. 

On 4-8-39, lesions characteristic of herpes simplex 
appeared in the throat and the patient complained 
of abdominal pain. Her appetite was poor. From this 
time until her death 6 days later the course was 
steadily downhill, despite large doses of insulin and 
continued supportive treatment. On this day 275 
u of regular insulin, in divided doses, was given intra- 
muscularly and 1000 cc. of intravenous fluid. The 
blood sugar rose from 260 to 351 mg. % and the COQ, 
combining power fell from 72 to 52 vol. %. 

On 4-9-39, she complained of severe, continuous 
left chest pain, not related to breathing and she 
vomited. The blood sugar fluctuated between 274 
and 345 mg. % and the CO, combining power varied 
from 48 to 55 vol. %. Regular insulin, 255 u, was 
given intramuscularly in divided doses. 
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On 4-10-39, increasing restlessness was noted and 
the general condition appeared definitely worse. She 
continued to complain of chest pain and nausea. Be- 
cause of the increase in signs and symptoms the 
24-hour insulin dosage was increased to 415 u of 
regular insulin intramuscularly and 200 vu intra- 
venously, in divided doses. Fluid, 3000 cc., was 
given intravenously. The blood sugar fluctuated be- 
tween 263 and 415 mg. % and the CO, combining 
power fell from 55 to 30 vol. %. 

On 4-11-39, the patient continued to be restless. 
Despite s000 cc. of fluids intravenously and 325 vu of 
regular insulin intramuscularly, 380 u intravenously 
and 500 vu of crystalline insulin intravenously, in 
divided doses, the CO, combining power fell from 
33 vol. % to 13 vol. %, and the blood sugar fluctu- 
ated between 241 and 333 mg. %. A second electro- 
cardiogram showed definite changes: there was now 
a downward deflection of the major complex in lead 
3; lead 4f showed a small “S” wave, an upright “T” 
wave, and a prolonged RT interval. 

On 4-12-39, it became difficult to arouse the pa- 
tient who showed increasing hyperpnea. Slight edema 
of the ankles and hands was noted. The temperature 
rose to 102.6° F. Despite 10,625 cc. of fluids intra- 
venously the CO, combining power fluctuated be- 
tween 12 and 20 vol. %. During the morning despite 
100 U of regular insulin intravenously and 1080 u 
of crystalline insulin intravenously the blood sugar 
remained between 500 and 420 mg. %. Because of 
this apparent lack of response to insulin it was de- 
cided to stop insulin to see what the effect would be 
on the blood sugar. This was done at 1:30 p.M. The 
blood pressure remained at 130/70 mm. of Hg. 

On 4-13-39, the next morning, the blood sugar 
was 191 mg. % and the COQ, combining power was 
20 vol. %, but the clinical condition was much worse. 
Increasing edema of the legs and sacrum was noted, 
and many moist rales were heard at both lung bases. 
The temperature remained 102.6°F. Insulin was re- 
sumed at 5:00 P.M., 40 U of crystalline insulin was 
given intramuscularly. During the 24 hours 4000 cc. 
of normal saline were given intravenously. The blood 
sugar rose from 191 to 333 mg. %, while the CO, 
combining power rose from 20 to 33 vol. %. 

On 4-14-39, the patient appeared moribund. 
There was a generalized edema. Signs interpreted 
as bronchopneumonia appeared at the right lung 
base. Fifty u of crystalline insulin was given intra- 
muscularly, and 200 vu intravenously, in divided 
doses. The blood sugar rose from 364 to 513 mg. % 
and the CO, combining power rose from 24 to 38 vol. 
%. Oxygen, mercupurin, and intravenous sucrose 
were used as last resorts, but to no avail. The patient 
died at 12:10 P.M. 
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B. Autopsy 


An autopsy was made 21 hours after death by Dr. 
George Fein. Examination of the head was not permitted. 

Heart. The organ weighed 430 gm. The musculature 
was extremely pale and flabby. All chambers were dilated. 
There was a mild degree of atherosclerosis of the coronary 
arteries but no occlusion was found. Microscopic section 
revealed a severe grade of fragmentation and atrophy of 
the muscle fibers. 

Respiratory system. The left pleural cavity contained 
400 cc. and the right pleural cavity 500 cc. of a clear, 
straw-colored fluid. The left lung weighed 520 gm., and 
the right lung 560 gm. Both lower lobes posteriorly 
showed atelectasis. The parenchyma was congested and 
an increased amount of frothy red fluid could be expressed 
from the cut surfaces. Microscopic sections revealed 
atelectasis. There was no evidence of pneumonic consoli- 
dation. 

Digestive system. There was marked generalized ileus. 
Numerous fibrinous adhesions extended between the an- 
terior surface of the colon, anterior abdominal wall and 
the omentum. The most dependent portion of the cecum 
was thinned out and there was a local collection of fibrin 
on the peritoneal surface of the cecum. There was 500 
ce. of cloudy, rather foul smelling material in the peri- 
toneal cavity from which was cultured hemolytic strep- 
tococcus and Escherichia coli. 

Pancreas. The organ weighed 120 gm. and was grossly 
normal. Microscopic section revealed advanced necrosis 
of the island cells with hyalinization of capillaries and areas 
of fat necrosis. 

Hepatic system. The liver weighed 2050 gm. The par- 
enchyma was flabby and the lobular architecture was ob- 
scured. There was evident cloudy swelling and yellow 
mottling suggestive of fatty change. Microscopic section 
revealed the liver cells shrunken and atrophic with large 
sinusoids. Glycogen was very sparingly distributed. 

Kidneys. The kidneys together weighed 600 gm. On the 
anterior surface of the upper pole of the right kidney was 
a nodular mass beneath the capsule which measured 6 X9 
cm. and which did not communicate with the adrenal. Cut 
section revealed the mass to be composed of golden-brown 
tumor tissue divided by fibrous strands. The kidneys were 
large, swollen and pale. The capsule stripped without 
difficulty. Microscopic section of the tumor revealed many 
groups of polyhedral cells with clear staining cytoplasm 
separated by fibrotic strands. Microscopic section of the 
kidney revealed marked degeneration of tubules with 
cloudy swelling and necrosis of tubular epithelium. 

Genital system. The ovaries were small and wrinkled. 

Endocrine system. The adrenals together weighed 25 
gm. and were grossly normal. Microscopic section revealed 
marked necrosis of the cortical cells with brown pigmenta- 
tion within the cell membranes. No nuclei were visible. 
(Postmortem change) The medullary cells stained well. 
The pituitary, thyroid and parathyroid glands were not 
examined. 

Anatomical diagnoses. 1. Necrosis of islands of Langer- 
hans; 2. Acute, local peritonitis; 3. Paralytic ileus; 4. 
Myocardial degeneration with dilatation and congestive 
failure; 5. Pulmonary atelectasis; 6. Hypernephroma. 
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Following the autopsy the Severity Index, according to 
the method of Rabinowitch, (12) was calculated to be 19 
(severe) (table 2). 














TABLE 2 
Severity 
Factor This case index 
rating 
Age 52 4 
Duration of coma None until terminally fo) 
Degrees of uncon- Semi-conscious 2 
sciousness 
Coffee ground vomitus No fc) 
Infection Peritonitis, terminal (autopsy) 3 
Blood pressure 120/70 to 80/60 mm. Hg I 
Plasma CO, combin- 
ing power 3 
Non-protein nitrogen 50 I 
Associated conditions Urticaria with insulin resistance 5 
19 
Clinical stage Severity index 
Very mild 5 
Mild 6-10 
Moderately severe II-15§ 
Severe 16-20 
Very severe 21 plus 
CASE PRESENTED 19 SEVERE 





C. Experimental Work 

Several studies were carried out in an effort to 
uncover the mechanism of our patient’s resistance to 
insulin. The skin tests showed an allergic response 
to protamine zinc insulin, but not to other insulins. 
The patient’s serum was studied for (1) an anti- 
insulin effect, (2) passive transfer of insulin, (3) anti- 
genic substances antagonistic to insulin and (4) al- 
lergic antibodies to insulin. 

Study of patient’s serum for; (1) anti-insulin effect, 
and (2) passive transfer of insulin. Four and a half 
cc. of the patient’s serum and 4.5 cc. of non-diabetic 
control serum were each incubated for 3 days with 
20 U of insulin. The patient’s serum plus insulin and 
the control serum plus insulin mixtures were then 
injected into separate rabbits, each of which had 
been fasted for 3 days. The fall in blood sugar was 
comparable in the two cases, demonstrating no anti- 
insulin substance in the patient’s serum. 

Although the patient had received 1000 u of in- 
sulin intravenously in 8 hours before the blood was 
withdrawn for the test, there was only a slightly 
greater fall than the control serum. This test was 
not carried out long enough, however, to determine 
whether there was a passive transfer of any large 
amount of insulin in the patient’s serum. 

(3) Study of patient's serum for antigenic substance 
antagonistic to insulin. Blood, taken from patient's 
heart just after death, was kept in a refrigerator 1 
week. Serum was removed just before test. Blood 
clotted immediately after withdrawal, there was no 
hemolysis. Patient was given 200 u of crystalline 
insulin intravenously within 3 to 4 hours of death. 
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Five cc. of the patient’s serum was injected intra- 
venously into a fasted rabbit on 4-21-39. This had 
no appreciable effect on the blood sugar which was 
followed for 3 hours. On 4-22-39 the same rabbit 
was given 20 u of insulin intravenously and the blood 
sugar fell from 133 to 32 mg. % in two hours. The 
blood sugar level was restored with intravenous glu- 
cose. The rabbit was fasted from 4-25-39 to 4-28-39. 
In the afternoon of 4-27-39 the rabbit was injected 
intravenously with 6 cc. of the patient’s serum. The 
next morning 20 u of insulin was given intravenously 
producing convulsions in 2 hours. The rabbit died 
during the following night and autopsy showed no 
gross lesions of note. 

These tests demonstrated that there was no anti- 
genic substance in patient’s serum antagonistic to 
insulin, as no anti-insulin effect was produced in the 
rabbit’s blood. The criticism is valid, however, that 
the blood which was used was obtained just at the 
time of death and was refrigerated for one week be- 
fore use. 

(4). Study of patient's serum for allergic antibodies 
to insulin. 

(a) Prausnitz-Kiistner (13) passive transfer test. 1% cc. 
serum of patient was injected intradermally in right 
arm of diabetic patient—area marked. 1% cc. of 
serum of control (non-diabetic) injected intrader- 
mally in left arm of same diabetic patient—area 
marked. 

In 24 hours 10 u of insulin injected at marked 
sites—both arms. A positive reaction is indicated 
by redness, itching, or wheal formation at the site 
of injection. Occasionally a generalized urticarial 
reaction occurs. 

A very faint erythema was obtained with pa- 
tient’s serum. The control was negative. 

(b) Test for precipitins to insulin following technic 
of Karr, Scull, and Petty (14), except that Ugo 
insulin instead of U20 insulin was used. 


Insulin was used as an antigen in dilutions of 1/20 
to 1/640. The patient’s serum, normal serum, a dia- 
betic’s serum and a saline control were tested for 
precipitins with the above dilutions of insulin. The 
results obtained could not be interpreted because 
the controls gave such high degrees of precipitation. 


DISCUSSION OF OUR CASE 


The precipitating factor in our case was apparently 
the patient’s hypersensitivity to protamine zinc in- 
sulin which produced a generalized urticaria. Despite 
the fact that these lesions cleared completely in 3 
days, following the cessation of protamine zinc in- 
insulin and the administration of calcium gluconate, 
the expected response to crystalline insulin or to 
regular insulin was not forthcoming. In effect, we 
were as helpless in treating diabetic acidosis as were 
the physicians of the pre-insulin era. Our patient's 
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history of the development of an itching, erythema- 
tous lesion of the head and neck three years earlier 
is of interest in suggesting an allergic background, 
although the condition was not diagnosed as an al- 
lergic manifestation. We do know that the early 
lesion was not caused by protamine zinc insulin. 

Infection as a cause of insulin resistance is fre- 
quently encountered although the resistant phase is 
usually transient. A diabetic in diabetic acidosis from 
whatever cause almost invariably requires more in- 
sulin during the first hours of treatment than he will 
need after control is established. At autopsy our 
patient had local peritonitis about the cecum, a con- 
dition unsuspected during life and one which we be- 
lieve developed shortly before death. The incidentai 
finding of a small hypernephroma further complicates 
the picture, although there is little likelihood that it 
was related in any way to the insulin resistance. 

In retrospect it will be noted that on the second 
day following admission to the hospital 995 u of 
insulin and on the next day 1190 u were used. At 
this time the blood sugar dropped from 541 to 295 
mg. %, the CO, combining power rose from 18 to 
48 volumes %. The next day only 205 vu of insulin 
were necessary to maintain the blood sugar between 
221 and 294 mg. % while the CO: combining power 
steadily rose to 60 vol. %. At this point we felt that 
we had control of the situation, but within 48 hours 
discovered that the daily administration of 275 and 
255 u of insulin was insufficient, as the blood sugar 
slowly rose and the carbon dioxide combining power 
diminished. It is of course possible that had we had 
an appreciation of the significance of the association 
of an allergic state with insulin resistance and had 
continued massive doses of insulin during these two 
critical days, we might have averted the fatal 
termination. 

Glen and Eaton (15), in reporting their case of 
insulin resistance, partially outlined the important 
factors in the causation of this syndrome. Efforts 
were made in our case to follow these suggestions, 
which are listed on the opposite page, paralleled by 
other reported work. 


REVIEW OF CASES REPORTED 
IN THE LITERATURE 


In reviewing the many cases in the literature re- 
ported as examples of insulin resistance we were corny 
fronted with the difficulty of selecting those cases 
which fell into our arbitrary classification and defini- 
tion. As already mentioned, immediately after the 
discovery of insulin many case reports were published 
as examples of insulin resistance, which were in fact, 
merely temporary changes in insulin needs to a 
greater or lesser extent. The transition from such 
cases to those adhering to our definition cannot be 
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ReEpoRTED OssERVATIONS 
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Resutts IN Our Case 


Is Lack of Response Due to Sensitivity to a Particular Brand of Insulin? 


Several cases are reported which show a normal response fol- 
lowing change to insulin prepared from a different animal source 
or the use of crystalline insulin. Herold (16) reports a case sensi- 
tive to the polypeptide of insulin itself which was successfully 
treated by a prolonged course of desensitization. 


The intracutaneous wheal test was positive only for protamine 
zinc insulin and negative for all other insulins, including crystal- 
line insulin. 


Is Lack of Response Due to Lack of Absorption? 


This might develop from injections given into indurated skin 

t the site of injection. A change to the intramuscular or in- 

travenous route eliminates this possibility. Insulin also has been 
found not to be taken up by the cells (17). 


Insulin was given intravenously with no more effect than sub- 
cutaneously. 


Is Lack of Response Due to Absence of Some Other Factor? 


Identical or related substances with enzyme-like properties are 
thought necessary for the activation of insulin and the conversion 
of glucose to glycogen. These are variously named: 

Insulin-complement (18), a substance found in fresh muscle 
having the ability to decrease the optical rotary power of glucose. 

Glycomutine (19), another substance, an enzyme, found in fresh 
muscle, capable of transforming glucose into a reactive form. 

Insuline (20), an hypoglycemic substance found in the tissues, 
even in a depancreatized dog, and necessary for the activation of 
insulin. 

Phosphatese (21), an enzyme necessary in the intermediary 
metabolism of the liver. 

Co-enzyme (11). 


This factor was not thoroughly investigated in our case due 
to obvious technical difficulties of procedure. Just before the 
patient’s death sodium diphosphate was given intravenously, be- 
cause of the striking results shown by Glen and Eaton (15), but 
this was tried too late for fair interpretation. 

As there are no commercial or purified materials corresponding 
with these substances, therapeutic trial with them in insulin re- 
sistance is impossible. It is also equally impossible to test for their 
absence, as is understandable from their nature. 


Is Lack of Response Due to Neutralization of Insulin? 


(1) By destruction 


This is a possibility as suggested by the work of many (17, 22, 
23). Even after large doses in resistant cases no insulin can be re- 
covered from the urine. A recent report (24) shows that massive 
doses given to rabbits cannot be recovered from the blood after 
60-90 minutes, suggesting storage in other tissues, because the 
hypoglycemia persisted over a much longer period. 


General tests for contra-insulin substances gave negative re- 
sults. We obtained insufficient evidence on this point. Blood taken 
after 1000 u of insulin intravenously, during several hours pre- 
ceding showed only slightly more effect on lowering the blood 
sugar of the experimental animal than normal serum, both incu- 
bated with 20 u of insulin. 


(2) By combination 


In sensitive individuals, insulin as a polypeptide, may act as 
an antigen thus producing insulin antibodies (14). These authors 
demonstrated a precipitin reaction with the serum of an insulin 
resistant diabetic and insulin used as the antigen. The presence 
of insulin antibodies may also be demonstrated by the Prausnitz- 
Kiistner passive transfer test (13). This is particularly true in 
insulin allergy (25). 


No information of significance was obtained since the precipitin 
test showed more positivity with the normal control serums than 
the test serum. Attempts to produce allergic antibodies in a rab- 
bit by the use of the patient’s serum were unsuccessful. The 
Prausnitz-Kiistner (13) test was negative. 


(3) By antagonism 


In 2 insulin-resistant cases (26, 27), no excess of pituitary dia- 
betogenic hormone was found in the urine, although the antago- 
nistic effect of the thyroid, adrenal and anterior pituitary has been 
well established by Houssay (28, 29) and others. 

Beneficial effects have followed pituitary irradiation in several 
instances (30). Estrogenic substances have been shown to alter 
the course of experimental diabetes by depressing the pituitary 
diabetogenic fraction in dogs (31), in monkeys (32) and in human 
beings (33). Collens et al. (34) were unable to produce this effect 
in man. However, estrogens were apparently effective in the re- 
sistant case of Glen and Eaton (15). Moore (35) considered adrenal 
antagonism. Forrest (36) reported 5 diabetics who ran lower 
blood sugars when receiving parathyroid extract by mouth along 
with their insulin, than with insulin alone in the same dosage. 
He found no effect with the parathyroid extract alone. Serio (377) 
reported inhibition of insulin action by thyroxin in a diabetic 
with hyperthyroidism. 


Assay of the urine for various hormonal constituents, particu- 
larly the pituitary fractions, would have been valuable, but we 
were unable to do so. Furthermore, the hypophysis was not ob- 
tained at autopsy. 

A fair trial with estrogens was not obtained in our case. 
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a heavy dividing line, but we found it necessary to 
use such a line. Therefore, in table 3 we list only 
those examples of insulin resistance which lasted 48 
hours or longer and which required 200 u or more 
of insulin daily. References to important cases which 
do not fulfill our criteria of insulin resistance will be 
found in the bibliography (3, 51, 56-68, 104). 

The cases listed in table 3 may be summarized from 
an etiological point of view into five groups: 


1. Disturbance of endocrine glands: 5 cases [2 pituitary 
(40, 51), 1 acromegaly (44), 1 hyperthyroid (47), 1 ovarian 
deficiency (15)]. 

2. Infection: 5 cases [pyelitis (27), sepsis (49, 51, 53, 55)s 
pulmonary tuberculosis (45)]. 

3. Hepatic disorders: 5 cases (10, 41, 43, 50, 54). 

4. Diseases of the skin and allergy: 8 cases [5 urticaria 
(14, 25, 38, 39, 46), 1 rheumatic arthritis with eosino- 
philia (26), 1 eosinophilia of undetermined etiology (11), 
1 bronchial asthma (42)]. 

5. Unexplained: 2 cases (48, 52). 


THEORIES AS TO THE PATHOGENESIS 
OF INSULIN RESISTANCE 


Many factors contribute to the great complexity 
of the problem, particularly the possibility of pluri- 
glandular antagonism or acceleration of insulin ac- 
tion, and the complicated role played by the liver 
in the control of the blood sugar level. Rarely, in all 
probability, is one factor predominant, but for the 
purposes of discussion, single factors will be sum- 
marized separately. 


1) The Endocrine System. a) Hypophysis. The fact that 
the pituitary gland is an antagonist of the pancreas has 
been amply confirmed since Houssay’s original studies 
(69). Young (70) has recently summarized the subject of 
the relationship of the separate fractions of the anterior 
pituitary to carbohydrate metabolism. Many have stressed 
the relation of increased pituitary activity and consequent 
insulin antagonism. Cases have been reported (30, 51, 61, 
71) in which pituitary irradiation has produced striking 
changes in the amount of insulin required. However, 
without proof of pituitary disease the results of pituitary 
irradiation must be accepted with reserve as spontaneous 
relief of insulin resistance does occur. The antagonistic 
effect on insulin following the injection of blood from 
elderly, obese patients into rabbits has been reported as 
due to a pituitary factor (72), but these results have not 
been confirmed by others (73). 

b) Thyroid. Abnormal sugar metabolism may occur in 
hyperthyroidism without the presence of diabetes melli- 
tus. The antagonistic effect of hyperthyroidism and thy- 
roxin on diabetes mellitus and insulin has been demon- 
strated experimentally and clinically (37, 74). 

c) Ovary. The role of the estrogenic hormone in insulin 
resistance is not settled and the experimental results have 
been variable (15, 31-34). 

d) Adrenal. A discussion of the interrelation between 
the adrenal and the pituitary glands is not within the 
scope of this paper, but it has been summarized by Long 
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(75). The possibility of hyperactivity of the adrenals in a 
case of insulin resistance has been suggested (35). 

e) Parathyroid. Experimental evidence (36, 38) has 
shown that parathyroid extract apparently intensifies 
insulin action, but no clinical correlation has been made. 

2) Infection. During infection the insulin requirement 
of a diabetic may increase. The cause of this increased re- 
sistance in some cases and not in others is not understood. 
Suggestive factors have been reported by several investi- 
gators. Fever has been shown to cause a rise in insulin re- 
quirement (76, 77, 78). Pus may inhibit insulin action (65). 
Toxins have been suggested as inhibitors of insulin action 
in two ways, by stimulation of the thyroid and adrenal 
glands (79), and by liver damage (80, 81). Other workers 
have noted a toxic effect caused by bacterial proteins (82). 
Aubertin (83) in a valuable review of insulin resistance 
(1936) summarized additional studies on this topic. 

3) Liver. The role of the liver in carbohydrate metabo- 
lism is exceedingly complex; glycogen storage or failure of 
this function caused by hemachromatosis, fatty deposition, 
necrosis or some unknown factors; the detoxifying func 
tion; the production of an insulin activating enzyme and 
a host of other considerations have been studied by many 
other investigators (9, 42, 50, '76, 80, 81, 84-90). 

4) Allergy. We have been impressed with the frequency 
with which this factor has been mentioned in association 
with insulin resistance. Rudy (46) believes the resistance 
may be caused by a blockage of insulin in the affected skin. 
Foerster’s case (59) with generalized urticaria was cured 
by stopping insulin, a procedure which might be advisable 
in the absence of severe ketosis. (Other references 16, 25, 
38, 58, 89, 91, 92, 93-) 

5) Other Factors. This group consists of scattered ob- 
servations on both man and animals from which valuable 
information may come in the future, although the results 
are difficult to interpret now. These include the effect of 
the acid-base balance (15, 21, 94-101), enzymes (11), inor- 
ganic phosphates (15, 21, 100, 101) vitamin B (102) and 
type of carbohydrate fed (57, 103). 


TREATMENT 


The first step in the treatment of a case of insulin 
resistance is to evaluate the etiologic factors re- 
sponsible for the condition and attempt to eliminate 
them as rapidly as possible. Specifically, one should 
test for insulin sensitivity and change the type and 
brand and route of administration if necessary. Per- 
haps the form of insulin least likely to produce al- 
lergy is the crystalline insulin. Most evidence seems 
to indicate that there is not necessarily any upper 
limit to the number of units of insulin which may be 
given and our opinion agrees with that expressed 
by Taussig (22), who wrote, “The fact that enormous 
doses of insulin were finally effective can readily be 
explained by the law of mass action of inorganic 
chemistry, which, to a certain extent, is valid also 
in enzymatic and immunological reactions.” 

General therapeutic measures should be directed 
against all the possible contributory factors in the 
production of insulin resistance, such as infections 
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(including syphilis), hyperthyroidism, pituitary dys- 
function, and allergic states, as well as the usual non- 
specific supportive treatment employed in relieving 
diabetic acidosis. Other measures worthy of empiric 
trial because of successful use by others include en- 
docrine therapy (estrogenic preparations, parathyroid 
extract); intravenous phosphate solutions; change in 
type of carbohydrate in the diet; vitamin B; pituitary 
irradiation; and desensitization. 


SUMMARY 


Insulin resistance, for the purpose of this paper, 
has been defined as a condition occurring in a patient 
who, after 48 hours of observation fails to show an 
:ppreciable lowering of the blood sugar following the 
idministration of 200 u of more of insulin per diem. 
These criteria have been adopted in order to elimi- 
nate the temporary resistant phase commonly en- 
countered in the treatment of diabetic acidosis. 

We present a case of insulin resistance, appar- 
ently precipitated by hypersensitivity to protamine 
zinc insulin. This patient took 6,375 u of insulin in 
it days, with 1,205 u as the highest 24-hour 
amount. A discussion of the experimental proce- 
dures now available for the study of insulin re- 
sistance is given (insulin antibodies, anti-insulin 
substance in the blood, increase in the insulin an- 
tagonists, such as pituitary diabetogenic fraction, 
indirect evidence of lack of insulin complement). 

All of the cases we could find in the world litera- 
ture, fulfilling our criteria, are tabulated in detail, 
with a discussion of significant features. 

Insulin resistance is discussed from the stand- 
point of pathogenic factors (endocrine, infection, 
liver, allergy, tissue inactivity and acid-base bal- 


ance). 


An outline for treatment is presented. 
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INSULIN RESISTANCE 


is a commonly noted occurrence in the dia- 

betic. It may be found, within certain limits, 
at some time or another, in practically every individ- 
ual suffering from a low sugar tolerance. Cases are 
occasionally encountered, however, with extreme re- 
sistance to insulin in which enormous amounts must 
be given before a balance is effected. Such cases, ac- 
cording to Marble (1) are not very common. He found 
two in 11,500 cases of diabetes registered at the 
Joslin Clinic since the introduction of insulin in 1922. 
The severest example on record was reported by 
Wiener (2). The patient, a known mild diabetic, for 
no apparent reason developed an acute severe im- 
balance with acidosis. For 3 weeks at home his insulin 
was raised gradually to 260 u in 24 hours without 
results. On the tenth hospital day he was cleared of 
acetone after daily insulin doses of 400, 1105, 900, 
yoo, YOO, 900, 900, 1500 and 2700 u. The highest 
dose, 3250 U, was given on the 14th hospital day. de 
was discharged after 614 weeks with a daily intake 
of 1700 u. Eight months later he was controlled on 
440 Ua day. 

There has been no adequate explanation as yet for 
this form of metabolic upset. The cases reported in 
the literature are associated with a long list of varie- 
gated conditions and several well studied ones fail to 
show any apparent cause. 

The following case of severe insulin resistance is 
presented because it occurred in a patient with a 35- 
year history of asthma, it was associated with local 
and general allergic reactions to the insulin, and it 
returned to such a mild state in 7 weeks that 10 u 
of insulin caused shocks. 


Vireo in the response to exogenous insulin 


CASE REPORT 


A. L., a male Hungarian, age 60, a fruit dealer and 
a former champion wrestler, was in excellent health 
up to July, 1939. At that time he developed noc- 
turia, polyuria and excessive thirst. A physician diag- 
nosed the condition as diabetes. Protamine zinc in- 
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ASSOCIATION OF EXTREME INSU- 
LIN RESISTANCE WITH ALLERGY. 
REPORT OF A CASE. 


James Fintey Hart, M.D., AND 
C. A. Vicens, M.D. 


From the First Medical Division, City 
Hospital, Welfare Island, Depart- 
ment of Hospitals, New York City 


sulin was given in gradually increasing doses but 
without much effect on the urinary sugar. By the 
24th of November the protamine Zn insulin dose had 
reached 70 u, a rigid diet was being observed, and the 
urine still showed a 4+ sugar reaction. He was then 
advised to go into a hospital and on November 25 
he entered the Metabolic ward of the New York 
City Hospital, Welfare Island. 

On entrance he was a well-developed, cooperative, 
ambulant male. Except for a hernia the physical exam- 
ination result was negative. He gave a history of 
bronchial asthma for 35 years although there was no 
evidence of it any time in the hospital. 

His initial blood sugar was 445 mg.% and the 
urine gave a 4+ reaction for sugar and for acetone. 
He was put on a diet of C 150, P 75, and F 67. From 
4 P.M. till 12 midnight he was given 120 vu of regular 
insulin. Because there was no improvement the dose 
was increased the second day so that 870 u was 
given in the 24 hours. On the 3rd day with his con- 
dition still severe 920 u was injected. On the 4th 
day the urine became acetone-free, for the first time, 
and on that day he received 400 u of insulin. From 
then on the dose of insulin was gradually reduced 
until the end of the 7th week when all insulin was 
stopped. It was noted at that time he was having 
shocks on 10 vu. 

Following the first dose of regular insulin there 
was a general as well as a local allergic reaction. This 
lasted 4 days and was of sufficient severity to require 
several injections of adrenalin. 

Other laboratory findings were N.P.N. 34, blood 
cholesterol 200 and blood chlorides 456 mg.%. Serum 
albumen was 2.6 and serum globulin 2%. The 
B.M.R. was —3 and —2%, and the blood Wasser- 
mann test result was negative. The E.K.G. was essen- 
tially normal. On January 21, 7 days after the insulin 
was stopped, a glucose-tolerance test gave blood 
sugar values of 63, 89, 133, 238, 170 mg.%. 

Painstaking examinations were made throughout 
the patient’s stay in the hospital for possible focal 
infections without result. He was discharged January 
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29, 1940, on a diet of C 152, P 96, F 108, no insulin. 
The urine was sugar-free, and he was in otherwise 
excellent physical condition. He returned for a 
check-up on September 30, 1940. At that time he was 
in good health and gave a history of a normal life 
since he left the hospital. During that time, 8 months, 
he kept on a slightly modified diet with no insulin. 
A glucose-tolerance test gave blood sugar values of 
125, 174, 236, 250, 95 mg.%. There was a spill of 
1+ sugar in his urine during the test. 


DISCUSSION 


It will be noted that this patient was a known dia- 
betic for over 13 weeks before he entered the hospital. 
Likewise the great majority of extreme insulin re- 
sistant cases reported in the literature have been 
known diabetics for some time before the insulin re- 
sistance appeared. From this one might say that the 
condition occurs only in diabetics and that it is not 
so much a form of diabetes as it is a complication of 
that disease. Furthermore, all other characteristics of 
diabetes are present: the onset is typical of any pre- 
comatose state in the diabetic, the blood sugar rises 
to the average precoma height, 445 mg.% in our 
patient; the urine is found to contain 4+ sugar with 
acetone and possibly diacetic acid; and the blood may 
eventually show definite evidences of acidosis with 
low CO, combining values. Insulin in large enough 
doses will reverse this process until a balance is ac- 
complished and even shock will occur with an over- 
dose. Finally, as in the usual type of diabetes, insulin 
tolerance improves under regulation, the patient goes 
on with a diabetic existence, and the sugar tolerance 
curves remain typically diabetic in form. 

If we agree with Root (3) that the pancreas pro- 
duces, at the maximum, 300 u of insulin a day, which 
seems reasonable, we are forced to consider the pres- 
ence of some factor in these cases that inactivates both 
the endogenous and the exogenous insulin. The con- 
dition cannot be a state of true resistance in the full 
sense of the word as insulin rarely, if ever, fails to 
have its effect if the dose is great enough. It cannot 
be a lack of insulin ‘activator’ as successful balancing 
comes from increased insulin and not from any added 
‘activating substance.” Furthermore it has been 
proven that insulin was not lost in the urine. We are, 
therefore, left with the possibility of the presence of 
some insulin inactivating factor. 

An explanation may be found in changes in some 
organ itself or in some product of that organ. Extreme 
insulin resistance has been found in association with 
diseases of a number of organs. Yet it is a rare com- 
plication in any one of these diseases as, for example, 
hemochromatosis. Also there is a gradually increasing 
group of cases in which no organ in the body can be 
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found abnormal. Hence it is difficult to say from the 
evidence presented that any one organ can be held 
responsible. Possibly the product of some organ is in 
excess. This might be the anti-insulin or diabetogenic 
factor of the pituitary. 

Infection commonly causes a moderate insulin re- 
sistance but this is by no means true with every in- 
fection. Few if any of the extreme insulin-resistant 
cases on record could be attributed to an infection. 
Wiener’s patient responded normally to a typical in- 
fection reaction 4 months before he entered the hos- 
pital for insulin resistance. There was no history or 
sign of infection on his second admission. In Allan 
and Constam’s (4) patient several weeks after insulin 
tolerance became normal the patient contracted an 
upper respiratory infection that lasted 8 days. This 
did not bring about a recurrence of the insulin re- 
sistance. 

Allergy may be a factor in insulin resistance. 
A number of cases have been reported to date in 
which the evidence points strongly to such a possi- 
bility. Any of the forms of insulin including the 
crystalline may produce allergic reactions. Glassberg 
(5) thought it was due to the insulin radical itself be- 
cause it occurred with both the beef and pork varie- 
ties. Foerester (6) quoted a case of diabetes with urti- 
caria and acidosis in which the acidosis became worse 
on increasing the insulin and quick improvement 
followed its cessation. Karr (7) noted in his patient 
that all kinds of insulin produced a reaction. Skin 
tests showed the patient to be sensitive to the insulin 
itself. By using a sensitized rabbit serum he was able 
to desensitize this woman and produced a marked 
improvement in the insulin resistance. 

Apparently it is only the patient with generalized 
allergy or urticaria that develops unusual insulin re- 
sistance. This was noted by several authors but was 
brought out strongly by Glassberg who had the op- 
portunity of studying his patient 9 months before the 
insulin insensitiveness appeared. At this first obser- 
vation the patient was sensitive to insulin, giving 
only local reactions. There was a normal carbohydrate 
response to the insulin and in a short time sponta 
neous desensitization occurred. On the second ad 
mission the patient was again sensitive to insulin but 
exhibited a marked urticaria. At this time the severe 
insulin resistance was present. We have found allergic 
reactions to insulin very rare and this is the first case 
in our experience in which generalized urticaria was 
encountered. 

The case presented here can be considered one ot 
extreme insulin resistance. He was a known diabetic 
for some months before his hospitalization. Up to the 
time diabetes was found he was an unusually healthy 
individual and entered the hospital without signs of 
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any complicating condition. Except for asthma for 35 
years, there was nothing in his history that was ab- 
normal. There was no error on his part such as break- 
ing diet or suddenly dropping his insulin. There was 
likewise no evidence of infection on admission or 
during his stay in the hospital. The only abnormality 
recognized was a generalized severe urticarial reaction 
to the insulin. This disappeared spontaneously in a 
few days, at the same time, incidentally, that the ace- 
cone left the urine. The condition responded to in- 
sulin when a sufficient amount was given and could 
be considered a temporary state as the patient was 
ible to leave the hospital in 2 months on a liberal 
Jiet without insulin. 


SUMMARY 
A case of extreme insulin resistance is presented. 
Such a condition may be considered of relatively rare 
securrence. Apparently it is found only in diabetes 
ind can be held a complication rather than a special 
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variety of the disease. The etiology is by no means 
clear. There may be no abnormality recognizable 
other than diabetes. There is evidence, however, to 
show that some insulin antagonistic factor is present 
in the system; that it equalizes all the endogenous and 
large quantities of the exogenous insulin; that it can 
be overcome if large enough doses of insulin are 
given; and that its presence in the body is temporary. 
The close association of a generalized allergic reaction 
to insulin in this case offers a possible etiologic factor. 
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with reports that asthmatics have a tendency 

to hypoglycemia. Black (1) found more than 
half of a large series of asthmatic patients to have low 
fasting blood sugar levels and increased glucose toler- 
ance (low glucose tolerance curves). Ohler, in a per- 
sonal communication to Joslin (2), said that he found 
low glucose tolerance curves in 14 asthmatics. Wil- 
mer, Miller and Beardwood (3), Malone (4) and 
Waldbott and his collaborators (5) made similar ob- 
servations. 

If hypoglycemia is an essential factor conditioning the 
appearance of asthmatic seizures in sensitive individuals, 
we should expect such attacks to be absent, or, at most, 
very rare in diabetics. Kern (6) has shown that although 
diabetes mellitus and bronchial asthma often share a com- 
mon heredity they are to some extent mutually exclusive, 
both diseases occurring very frequently in members of the 
same family but only extremely rarely in the same person. 
He postulated a genetic relationship between the two con- 
ditions and assumed that they were due to a defect in the 
same gene that can take one of two directions. According 
to him, diabetes is the recessive and allergy the dominant 
variation. Joslin was formerly impressed with the rarity 
of asthma in diabetics and had but 6 cases among the 
7,000 or so reported (2). Later, he stated (7) that he had 
seen 12 additional cases among a large number (not given) 
of diabetics. More recently, he states (8) that “the usual 
belief that diabetes and allergy seldom occur in the same 
patient [is true] only if the phrase ‘at the same time’ was 
added.” Apparently, he still feels that the concomitant 
occurrence of the two diseases is rare 

On the other hand, Swern (9) found but 6 diabetics 
among more than 4,000 allergic patients. Walker is quoted 
by Joslin (2) as having seen but 2 diabetics among some 
3,000 asthmatic patients. The first case of diabetes seen 
by Rackeman, who had a very extensive allergic practice, 
was sent to him by Joslin (2). Wilmer, Miller and Beard- 
wood (3) had only 2 diabetics among almost 5,000 allergic 
patients. Indeed, two of Joslin’s patients [1112 (10) and 
17701 (8)| had asthma first and the attacks ceased alto- 
gether when diabetes was superimposed. Sensitivity to 
ragweed disappeared in another patient (2382) when the 
diabetes began, but the hay fever persisted despite the 
development of diabetes (10). 


Received for publication February 8, 1941. 
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ASTHMA, DIABETES MELLITUS 
AND HYPERINSULINISM 


E. M. AsraHaAmson, Pu.D., M.D. 


From the Jewish and Greenpoint 
Hospitals, Brooklyn, New York 


Asthma is frequently associated with hypothyroidism. 
Levi and Rothschild (11) found that many cases could be 
benefited by feeding thyroid extract. They felt that the 
therapeutic value of iodides for bronchial asthma could be 
attributed to an increase in thyroid activity. Byron (per- 
sonal communication) states that he has determined the 
basal metabolic rates of many asthmatics and that these 
rates are usually low. He recalls one example of a patient, 
with bronchial asthma, in whom the attacks ceased com- 
pletely when hyperthyroidism developed. After thyroid- 
ectomy, the asthmatic attacks returned in an intractable 
form. The aggravating effect of hyperthyroidism on dia- 
betes mellitus is too well known to require comment. 

Lately, Rusk and his associates (12) have demonstrated 
a relation between allergic attacks, such as asthma and 
urticaria, and serum potassium. They found high serum 
potassium levels in asthmatics and the concentration took 
a sharp rise just before and during allergic attacks. Experi- 
ments now in progress show fairly low serum potassium 
values in diabetics. When serum potassium was deter- 
mined in parallel with glucose tolerance tests, the potas- 
sium fell as the glucose rose following the ingestion of 
sugar and then both substances tended to return to their 
initial concentrations. One of Rusk’s experiments (his 
No. 5) shows this same phenomenon. 

Rusk claimed that asthmatic attacks could be prevented 
by feeding potassium chloride. This therapeutic effect has 
not been confirmed by other investigators (13). He also 
demonstrated that attacks could be induced by feeding 
large amounts of sodium chloride. Sandstead and Beams 
(14) administered large amounts of sodium chloride to 
diabetics and found that their patients could take more 
liberal diets with actual reduction in insulin dosage. This 
has been confirmed (15) . Thus, sodium chloride, which has 
an aggravating effect on asthma, apparently makes diabetes 
milder. 

These considerations point to a reciprocal relation be- 
tween asthma and diabetes. It is generally accepted that 
diabetes is due to a deficiency in insulin secretion, or 
hypoinsulinism. It therefore seems logical to assume, 
purely as a working hypothesis, that asthmatics, who are 
opposite to diabetics in so many respects, have a surfeit 
of the hormone, or have hyperinsulinism. This hypothesis 
was tested in a number of patients suffering from attacks 
of bronchial asthma on an allergic basis. In all the work 
cited above, the glucose tolerance tests were carried out 
for the usual 2 or 3 hours. Harris (16) has shown that it is 
necessary, in order to reach a definite conclusion as to the 
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diagnosis of hyperinsulinism, to carry out the glucose 
determinations for 6 or even 8 hours. 

During the summer of 1939, 9 patients with sea- 
sonal asthma all of whom gave positive skin reactions 
for pollens, and 3 with perennial asthma with posi- 
tive skin reactions for foods and other common aller- 
gens, were subjected to the longer glucose tolerance 
test. Each patient was given 200 cc. of 50% glucose, 
flavored with lemon juice, to drink after the fasting 
blood sugar level had been determined. The blood 
glucose was then determined at hourly intervals until 
the patient had symptoms of asthma. The test was 
then terminated by giving the patient a glass of milk. 
In each case, the asthmatic attacks stopped within 
15 minutes after the breaking of the fast. Three of the 
patients (who had very low initial blood glucose 
levels) had symptoms at the beginning of the test. 
These symptoms cleared up soon after the adminis- 
tration of the glucose and reappeared with the fall in 
blood sugar. The glucose tolerance curves are given 
in table 1. All determinations were made by the 
Folin-Wu micro method. Values are in mg. of glucose 
per 100 cc. of blood. The patients had symptoms of 
asthma at the times indicated by asterisks. 


TABLE I 


| Hours after ingesting 100 gm. of glucose 
Patient | Fasting ————— — 
| } = | 2 | 3 





4/5 l|l6l7 





Seasonal (hay fever) cases 

















I 64* | 132 | 97 | 82 | 90 | 56* | 
2 80 | 150} 87 | 80} 69| 58* | 
3 | 110 | 144} 118 | 96) 84] 73) 66) sr° 
4 | 64* | 90} 79] 69) 56%, | | 
gs | 118 | 152 | 120} 102 | 83 | 72 | 64*| 
6 98 | 142} 100] 82] 69] 62] 54* 
ie 98 138 | 106 | 78 | 61* | 
8 | 105 | 152} 102] 83] 76] 67} 58] 48* 
9 | 88 | 136] 92} 82) 76 | 79 | 62* 
Perennial cases (bronchial asthma) 
10 | 65 | 136/110} 88| 72 | 65 | 61%) 
an ee > 144 | 109 | 86] 76! 58*| | 
12 | 59* | 110] 94| 83 | 71 | 65] 57° 





It is interesting to compare these figures with 
those reported by Rusk (12) and referred to above: 
fasting, 79 mg.%; 1% hour after ingestion of 100 gm. 
of glucose, 120 mg.%; one hour, 118; 14 hours, 
127; 2 hours, 126; 3 hours, 107; 4 hours, 53 mg.%. 

These 12 patients, all of whom suffered from 
asthmatic attacks, thus had glucose tolerance curves 
that warrant the diagnosis of hyperinsulinism. This 
suggests a therapeutic test. If the hyperinsulinism is 
corrected by appropriate treatment, amelioration of 
symptoms would be further evidence that the endo- 
crine disturbance plays a part in the genesis of the 
attacks. The patients were therefore given Harris's 
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diet for hyperinsulinism (17). This is a low carbo- 
hydrate, high fat diet with the food divided into fre- 
quent small meals.! Quicklyabsorbable carbohydrates, 
such as sugar, candy, cake and the richer vegetables 
(potatoes), are avoided. This is done to prevent any 
sudden rise in blood sugar which is the stimulus to 
insulin secretion. The over generous production of 
insulin in patients with hyperinsulinism would in- 
duce a state of hypoglycemia which it is our aim to 
prevent. Caffeine, which raises the level of the blood 
sugar rather suddenly (18), is proscribed for the same 
reason. The large amount of fat in the diet depresses 
the activity of the islet cells. This diet is the opposite 
of the low fat, high carbohydrate diets now used for 
diabetes to stimulate the sluggish insulin production. 
The food is given in small amounts at frequent inter- 
vals for two reasons. The small increments of sugar 
added to the blood by digestion of the carbohydrates 
enable the patient to absorb energy at a rate slow 
enough to avoid stimulation of insulin production. 
The short intervals enable the patient to replenish the 
blood sugar before any marked postprandial drop can 
take place. The blood glucose level is thus kept 
between normal limits. 

The first 5 of these patients had tried potassium 
chloride (5 grains, 3 times a day, orally) for a few 
weeks without any relief. The results of the dietary 
treatment are shown in table 2. 














TABLE 2 
Pa- Day attacks Night attacks Other symptoms 
bie before | after before | after before | after 
I None | None Frequent | None | Sneezing | None 





None | Sneezing, lac-| Lacrimation 


Frequent e 
rimation | _unrelieved 


2 Occas. | None 








3 Occas. | None | Frequent | Occas.| Sneezing None 

4 None | None | Frequent | Rare | Sneezing,lac- | Lacrimation 
| | rimation | partially re- 
| } | lieved 

5 Occas. | None | Frequent | None | None | None 

6 None | None | Occas. | None | None | None 

7 Occas. | None | Occas. | None Sneezing, lac- | Both partially 

| | | | | imation relieved 
8 | None | None | Rare None | None None 
9 | Rare | None | Rare None | None | None 





1 The Harris diet is as follows. 

On arising: 4 0z. of orange juice. 

Breakfast: 1 fruit with or without cream—no sugar; 1 portion of 
cereal with 4 ounces of cream—no sugar; 1 egg; 2 or 3 slices 
of bacon, if desired; 1 slice of bread or toast with butter; 
Postum, caffeine-free coffee or very weak tea, no sugar. 

2 hours after breakfast: 2 oz. of orange juice or 4 oz. of tomato 
juice. 

3 hours after breakfast: 1 glass of milk. 

Dinner: soup—cold or jellied chicken or beef consommé or tomato 
juice; 1 portion (100 gm.) of 5% vegetables; 1 portion (100 
gm.) of 10% vegetables; 1 large portion of meat, poultry or 
fish; 1 slice of bread or toast; fruit with cream. 

3 hours after dinner: 1 glass of milk. 

1 hour before supper: 3 oz. of orange juice or 4 oz. of tomato juice. 

Lunch or supper: 1 meat substitute—egg, fish or cheese; 1 salad 
—large serving of lettuce, cole slaw, tomato or Waldorf salad 
with mayonnaise or French dressing; 1 portion of 5% vege- 
tables; 1 slice of bread with plenty of butter; fruit. 

2 or 3 hours after supper: 1 glass of milk. 

Every 2 hours until bed time: 4 oz. of orange or tomato juice. 
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Patients ro and 11 were completely relieved of 
attacks. Patient 1¢ had been in the habit of taking 
injections of adrenalin about once a week. This was 
no longer necessary. Patient 12 had had chronic 
bronchitis with attacks of asthma requiring adrenalin 
once each night (about 2-4 A.M.) for a few years. He 
found that he could go for several days without 
adrenalin. There was no effect, of course, on the 
underlying bronchitis. 

During the first 2 weeks of the dietary treatment, 
the patients noticed that they sometimes awakened 
with a sense of discomfort. Taking a little food soon 
made them comfortable enough to fall asleep again. 
Several patients (cases 1, 3, 4, 5 and 9) sometimes felt 
slightly uncomfortable (they wheezed a little) when 
they awoke in the morning. This was relieved im- 
mediately after breakfast. 

The seasonal patients remained on the diet 
throughout the season of their sensitivity. At that 
time they were permitted to eat but 3 meals a day 
and were advised to avoid caffeine beverages and 
sweets. The chronic cases were advised to continue 
the diet indefinitely. 

During the winter of 1939-1940, four of the first 
group of patients were again given a glucose tolerance 
test. The results, in mg. per 100 cc. of blood (table 3), 
show that the hyperinsulinism had disappeared. 

TABLE 3 








Patient Fasting | eee LS 





82 | 134 | 88 | 86] 82 87 78 
go 138 | 89 | 89 | 94] 85 | 80 
118 | ran, | kag | 226 || aa | e720 93 


I 
4 
6 
9 106 129 | 110 | 108 | 106 | 100 | 100 





These same patients who had followed instruc- 
tions, and 3 others who had disregarded all dietary 
advice after the end of their hay fever seasons, were 
seen during the summer of 1940. The 4 patients had 
no asthma but the other 3 again had asthmatic at- 
tacks. The glucose tolerance tests are given in table 4. 


TABLE 4 








Hours after ingesting 100 gm. of glucose 





Patient | Fasting 





= 
wo 
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| 75 

| 92 142 | 95 
94 140 | 98 | 87 | 90 | 86 | 87 
716 118 86 88 | 88 88 89 
88 138 | 100 82 80 68 59* 
100 142 | 106 80 | 76 66* 
122 146 128 | 102 | 82 69 | 55 
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* Asthmatic attacks 
Six patients were studied during the summer of 
1940. All had seasonal asthma. The procedure was 
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simplified. Each patient was given 200 cc. of 50% 
glucose with instructions to finish his evening meal 
by 6 p.m. and to take no other food until the com- 
pletion of the test. He set his alarm clock to awaken 
him at 4 A.M., when he drank the solution and went 
back to sleep. A fasting blood sugar determination 
was made at 10 A.M. Under these circumstances, a 
blood sugar concentration below 70 mg. per 100 cc. 
indicates hyperinsulinism (19). The results were as 
follows: case 13, 68; 14, 66; 15, 66; 16, 54; 17, 57; 
18, 62 mg. glucose per 100 cc. Case 17 was wheezing 
slightly when the test was made. Case 16 was so 
uncomfortable that the sample was taken at about 
8:30 A.M. These patients were placed on the diet 
with uniformly good results. 


DISCUSSION 


The gratifying response to the dietary treatment 
is further evidence that hyperinsulinism plays a role 
in the development of asthmatic attacks. Allergy is 
too complex a phenomenon for us to say that hyper- 
insulinism is its cause. However, sufficient evidence 
has been brought forth to support the contention 
that, given the allergic sensitivity, hyperinsulinism 
brings about the hypoglycemia that permits the de- 
velopment of asthmatic symptoms,Jt may be that the 
allergic sensitivity produces a How- 
ever, no matter what the exact mechanism involved 
in the production of seizures, they can be averted by 
treatment directed against the hyperinsulinism, alone. 
It may be said that hyperinsulinism is a necessary but 
not sufficient condition for the appearance of asth- 
matic attacks. That it is necessary can be seen from 
the uniformly positive results with the glucose toler- 
ance test. The fact that hyperinsulinism can occur 
without any allergic symptoms demonstrates the 
truth of the latter half of the statement. 

It has long been known that asthmatics have reason 
to dread the night for “the beginning is said to be 
most frequent during the night, when the patient has 
had his first sleep; for instance, at two or three in the 
morning he suddenly awakes with a stuffy feeling in 
his chest, and within a short time he is in the throes 
of an attack of asthma” (20). Now, there is no reason 
to assume that pollens are more concentrated in night 
air. Yet, these nocturnal episodes are not fortuitous, 
the blood sugar in patients with hyperinsulinism 
reaches its minimal value at precisely those hours. 
During the day, the meals are usually frequent 
enough to prevent a fall in blood sugar. Since the last 
meal is generally taken at about 6 or 7 p.M., there is 
ample time during the night for the blood sugar ‘o 
drop below the physiological minimum. 

We should expect, a priori, that the intravenous 
administration of glucose would be of benefit :n 
treating asthmatics. This therapy has, indeed, bec 
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recommended (21, 22, 23). It has never attained popu- 
larity because it soon becomes ineffectual. The con- 
cept of hyperinsulinism furnishes the only adequate 
explanation for this failure. The rapid increase in 
blood sugar following the injection stimulates the 
pancreas to secrete insulin. Then the over generous 
elaboration of the hormone causes the blood sugar to 
fall below the initial value. The net result, therefore, 
of administering glucose is to depress the blood glu 
cose level. ; 
Oral administration of glucose will likewise pro- 
duce a temporary amelioration. This treatment has 
been used by Prince (24). However, the continued 
administration of glucose aggravates the condition 
ind sugar has to be administered with increasing fre- 
quency. Another objection to the treatment is that 
it cannot be discontinued even for a few days. 
Harris (16) also emphasized the effect of over- 
indulgence in caffeine containing beverages. Caffeine, 
which is the only alkaloidal drug that is a common 
article of daily consumption, elevates the blood glu- 
cose (18), probably by stimulation of the adrenals. 
A rapid glycogenolysis takes place with consequent 
increase of the blood sugar concentration. The effect 
is the same, as far as the blood is concerned, as that 
following the actual ingestion of sugar or other carbo- 
hydrate. Many of the patients in the cases here re- 
ported were fairly heavy coffee drinkers. Patient 1 
had never drunk any coffee at all until 3 years ago 
when he acquired a taste for it and consumed several 
cups a day. His first allergic symptoms appeared in 
the summer of 1938. The attacks were mild and he 
maintained comfort throughout his hay fever season 
by taking an occasional capsule of ephedrin and 
amytal. He was sensitive to the early pollenating 
grasses, Timothy and June grass, giving positive skin 
reactions with both pollens. His symptoms, at that 
time, were not severe enough to warrant desensiti- 
zation. During the summer of 1939, the attacks of 
asthma were sever and occurred almost nightly. They 
yielded completely to the dietary treatment. Under 
instruction, he drank two bottles of a popular caffeine 
containing soft drink and had a severe paroxysm a 
few hours later. The blood sugar, during the height 
of the attacks was 64 mg. per 100 cc. He was given 
some milk and the attack soon passed. This attack 
was induced, no doubt, by the large amounts of 
caffeine and sugar in the beverage. Except for this 
deliberate lapse, he followed the diet religiously for 
the remainder of his hay fever season. As was men- 
tioned above, he dropped the diet in the fall but dis- 
carded coffee and excessive amounts of sweets. He 
has not been troubled since. Patient 2 had symptoms 
for the first time during the summer of 1939. She 
had been very obese and, in an effort to lose weight, 
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she followed a self-imposed diet which consisted, in 
the main, of drinking black coffee when the pangs of 
hunger became too severe. She admitted a consump- 
tion of 12 cups a day. She lost some 60 lb. in the 
effort and simultaneously acquired asthmatic attacks. 

Harris found that patients with hyperinsulinism 
frequently have left upper quadrant tenderness. This 
was noted in 10 of the patients studied. 

Peskin and Fineman (25) recommended a low car- 
bohydrate, ketogenic diet for the relief and preven- 
tion of asthmatic attacks in children. Their diet is 
similar to Harris’s except for the frequency of feeding 
and the effectiveness of such a regime can now be 
seen to be due to the depression of insulin production. 
Patient 7 was a boy of 12 who had a history of epi- 
leptiform attacks for 3 years. He had been treated 
with a ketogenic diet. During 1937, he was given 
large amounts of glucose. That summer he developed 
hay fever. After the glucose tolerance test, in 1939, 
he was given the Harris diet. His attacks of uncon- 
sciousness were not controlled and further investiga- 
tion demonstrated that he had true epilepsy. How- 
ever, he went through 2 hay fever seasons without 
an attack of asthma. 

It seems more than coincidental that the drugs 
commonly used for the relief of asthmatic attacks, 
such as morphine (26), amytal (27), ephedrin (28), and 
adrenalin (29) all raise the blood sugar. Caffeine also 
has this effect and it is occasionally used for acute 
attacks. 


x SUMMARY 


A regiprocal relation between bronchial asthma 
and diabetes mellitus is suggested. Asthmatic attacks 
oecur with a tendency to hypoglycemia. Asthmatics 
are made worse by sodium chloride, diabetics better. 
Asthmatics are prone to hypothyroidism and are re- 
lieved if they develop hyperthyroidism; the reverse 
is true for diabetics. The two diseases, although com- 
monly occurring among the members of the same 
family, seldom occur in the same person at the same 
time. 

It was assumed that bronchial asthma is associated 
with hyperinsulinism. This assumption was tested 
by performing 6-hour glucose tolerance tests on a 
number of asthmatics. There was a complete corre- 
spondence between the two conditions. The response 
to the treatment for hyperinsulinism justifies the 
claim that hyperinsulinism is one of the conditions 
necessary for the appearance of asthmatic attacks. 
However, not all persons with hyperinsulinism have 
asthma. The concept of hyperinsulinism furnishes the 
only logical explanation for the frequency of noc- 
turnal asthmatic attacks. It also explains the failure 
of glucose to effect a lasting remission. 
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PERCUTANEOUS USE OF TESTO- 
STERONE 


INHIBITION OF LACTATION 


puerperium is almost always a painful process. 

Only an occasional patient goes through it 
without any discomfort. The largest number com- 
plain of soreness, heaviness, lumpiness and pain in the 
breasts. This often necessitates the continuous use of 
sedatives. A rise in temperature, malaise and general 
discomfort are not uncommon. These symptoms last 
from 3 to 7 days. The usual treatment instituted to 
dry up the breasts consists of limitation of fluids, 
tight breast binder, continuous ice caps to the breasts, 
saline cathartics, and sedatives. 

The limited effectiveness and discomfort of these 
measures can be attested to by both patient and 
physician. In addition, the usual therapy adds con- 
siderable work to the nursing staff, especially when 
the patient is bedridden. 


Interruption of the hormone balance with the object 
of inhibiting lactation, postpartum, has been attempted 
repeatedly. The barriers are our incomplete knowledge 
and inability to produce a pure hormone which will effec- 
tively induce this inhibition. Synthetic estrogen and an- 
drogen compounds have more recently been tried, in ani- 
mal research and clinically. The impression has been gained 
that the effects are due to inhibition of the hypophysis 
when testosterone propionate was administered to animals 
and to man (1, 2). 

Inhibition of lactation in the human being by means of 
testosterone propionate, was first reported by Kurzrok 
and O'Connell (3). “‘Drying-up’ of the secreting breasts 
was effectively accomplished without special nursing 
care, and with little or no discomfort to the parturient. 

Bates et al. (4) have observed pronounced antigonadal 
effects in birds treated with related sex hormone prepara- 
tions. Thus the effects of treatment with testosterone and 
related compounds were similar to those obtained by 
hypophysectomy. Rapid and extensive atrophy of the 
gonads and suppression of the follicle stimulating hormone 
followed. Mazer and Mazer (5) noted temporary but 
marked ovarian atrophy and consequent utero-vaginal 
effects, suppression of estrus, decrease in size of adrenals 
in the mature rat, and decrease in size of the pituitary in 
the immature rat, following prolonged treatment with 
testosterone propionate. Restitution of structure and 


T= INHIBITION Of lactation in women during the 
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function returned after this treatment was discontinued. 
Numerous reports (6, 7) have been published of suppres- 
sion of menses following administration of male sex hor- 
mone in cases of menometrorrhagia and chronic cystic 
mastitis. Papanicolaou et al. (9) have shown decided 
change in the vaginal smear cytology, comparable with a 
low estrin phase, in these treated cases. 

Suppression of gonadotropic properties in the human 
being by synthetic androgens has been reported by Ham- 
ilton and Wolfe (8). The increase of gonadotropic hormone 
subsequent to castration and in the menopause is in a 
great measure offset by injections of testosterone propio- 
nate. 

Hamilton (8, 9) has reported histological changes in the 
hypophysis as well as suppressing and inhibiting effects 
when synthetic sterols and related compounds were ad- 
ministered to animals and in man. Structural changes in 
the pituitary have been noted following treatment with 
estrogens. These changes consist of degranulation of many 
or all of the basophils and to a lesser extent of eosinophils, 
with a concomitant increase of the chromophobes and a 
reduction in the percentage of the chromophils. Andro- 
gens produce only degranulation of the basophils. 


One hundred consecutive cases from the obstetric 
services of the Bronx Hospital were treated with 
testosterone propionate. This was administered by 
inunction (4 mg. neohombreol dosules, Roche-Or- 
ganon) in order to bring about suppression of lacta- 
tion. Two dosules were given daily beginning with 
the second postpartum day. Each dosule was applied 
percutaneously to alternating areas such as the del- 
toid or the anterior surface of the thigh, etc. No other 
additional therapy was instituted. 

A questionnaire was attached to the chart of each 
case and the attending physician answered all ques- 
tions as to subjective and objective signs and symp- 
toms as indicated. 

The 100 cases reported were divided among 14 
physicians, consisting of general practitioners, ob- 
stetricians and gynecologists. 


RESULTS 


The ages of the 100 parturient women were be- 
tween 19 and 36; 60 were primipara, 40 multiparas. 
Reasons for “‘drying-up’ of the breasts were as follows: 
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A. Maternal=’77 cases. : 
Anatomical malformations or inflammation of nipples 9 


Economic or social reasons 34 
Toxemia 2 
Poor quality of milk 5} 
Previous breast abscess 3 
Previous feeding difficulty 10 
Reasons not given 14 
B. Fetal=23 cases 

Stillbirths 15 
Neonatal deaths 7 
Prematurity 


1 4 cases were started on 5th day and 2 cases on 6th day. 


The effectiveness of the therapy was judged by an 
interruption of the subjective symptoms and objec- 
tive findings in the patients who were submitted to 
the medication. The results were grouped as follows: 
(a), optimum results, when inhibition of lactation 
was indicated by the absence of engorgement, disten- 
sion, pain or discomfort, 68 cases; (b), partial result, 
when the above was accompanied by some engorge- 
ment and/or pain lasting from 4 to 40 hours, 29 cases 
and (c), failure, when no appreciable influence upon 
the breasts or subjective symptoms were noted, 3 
cases. 

In all cases during the puerperium one was able to 
express some milk from the breasts in both the opti- 
mum and partial result groups. This would indicate 
that the effect of the therapy was a diminution in the 
quantitative potency of the ‘prolactin’ rather than in 
the complete suppression of this pituitary principle. 
Of course further investigation and evidence is need- 
ed to establish this hypothesis. 

There were no unpleasant by-effects resulting 
from the treatment. The normal character of the 
lochia was not changed. No after-pains were pro- 
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duced. In the successful cases, lactation, engorgement 
and pain in the breasts did not recur after treatment 
was stopped. 


SUMMARY 


Male sex hormone by inunction was effective in 
68% of cases in whom for one reason or another in- 
hibition of lactation was desirable. It was only par- 
tially effective in 29% of the cases. It was entirely 
without effect in 3% of the cases. In no case was lac- 
tation entirely arrested. The effect was rather a dimi 
nution in the degree of lactation with resulting 
diminution of secondary signs and symptoms, such as 
engorgement and pain. Testosterone, percutaneously, 
can successfully be used for the inhibition of lacta- 
tion. 


We are indebted to Dr. Meyer Rosensohn for his advice and 
helpful suggestions. The authors wish to express their apprecia 


tion to Dr. M. C. James of Roche-Organon, Inc. for the supply of 


neo-hombreol dosules. 
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STILBESTROL 


cy UPpREsSION of lactation is generally considered to 
“wy to be a rather unpleasant ordeal. The indication 
\_J for the elimination of this function may be an 
inability to nurse the infant because of a faulty 
nursing mechanism, the lack of need for nursing due 
to a stillborn child, an insufficient amount of breast 
milk, chronic disease, or a lack of cooperation on the 
part of the mother. 

In any instance, the ‘drying-up’ process is usually 
painful, annoying and occasionally prolonged or dif- 
ficult. The number of treatments recommended to ac- 
complish this end are myriad. Breast binders, ice-bags, 
catharsis, limitation of fluids, massage with oils, in- 
jections of camphor preparations, breast pumps and 
other means have been offered as aids to the process 
of suppressing the production and flow of milk. The 
senior author aided in the development of a breast 
binder which proved to be highly efficacious (1). 

In 1938, Dodds (2) introduced a new synthetic 
drug, diethylstilbestrol, which he showed had definite 
estrogenic properties and could be substituted for 
natural estrogens. In addition, stilbestrol, as it is 
known in the American literature, was found to be 
as effective by the oral route as by the parenteral 
route and some three to five times more potent than 
the natural hormone. Reports of various toxic re- 
actions have limited its use but to date no perma- 
nent toxic results have been proven. Nausea and 
vomiting have been the most frequent manifestations 
of toxicity with occasional dizziness and skin rashes 
as other signs and symptoms. These toxic reactions 
have frequently been minimized by the use of smaller 
doses of stilbestrol. 

The use of estrogenic hormones to suppress lacta- 
tion is not a recent addition to the obstetrical arma- 
mentarium. We have used stilbestrol in more than 150 
cases with varied indications for estrogens. In this 
series are §0 patients treated with stilbestrol for sup- 
pression of lactation. Recent articles concerning the 
use of stilbestrol for this purpose include those by 
Foss and Phillips (3), Winterton and McGregor (4), 
Kellar and Sutherland (5), Muckle (6) and Connolly, 
et al. (7). These authors describe various dosage of 
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stilbestrol administered orally and intramuscularly. 
Uniformly, stilbestrol is noted to be an “efficient and 
safe method of suppressing lactation early in the 
puerperium (6).” 

Early in our series, an effort was made to administer 
the drug only after we had a reasonable belief that 
the particular patient to be treated was going to have 
tender engorged breasts. Thus when lactation was to 
be suppressed because of poor nipples, a stillborn 
child, or any indication precluding any attempt at 
nursing efforts, stilbestrol was administered only 
after the breasts had begun to fill and the patient was 
becoming uncomfortable. When the mother had been 
nursing the child insufficiently, the drug was given 
when breast feeding was discontinued. No constric- 
tive binders or other mechanical means were em- 
ployed. Cathartics were not administered and fluids 
by mouth were not limited. 

Five milligrams of stilbestrol in oil was injected 
intramuscularly at one time and usually only once. 
Later larger dosage was given as noted below. 


DISCUSSION 


Forty women were treated early in the puerperium 
before the tenth day. Thirty obtained relief within 6 
to 16 hours which is certainly a more prompt response 
than we are accustomed to note with current methods 
of suppression of lactation. 

Ten patients were treated late in the puerperium, 
between two weeks and two months after delivery, 
because of a diminishing milk supply. In all of these 
patients, lactation had been well established. Four 
patients responded very well with complete relief 
of pain and engorgment within 6 hours. The other 
6 responded poorly, more poorly than we would ex- 
pect from use of a constructive elastic breast binder. 

Two patients were nauseated after intramuscular 
injections of 5 mg. of stilbestrol. 

Recently two patients were observed after their 
second pregnancies. Each had had an abundance of 
breast milk with their first child and had also experi- 
enced great discomfort when their babies were trans- 
ferred to artificial feedings late in the puerperium. 
For reasons unimportant to this discussion, breast 
feedings were to be foregone with the second preg- 
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nancy. In each instance, 5 mg. stilbestrol was given 
intramuscularly on the morning of the second and 
third days postpartum. The breasts showed a short 
transient period of fullness and tenderness, not un- 
comfortable to the patient. Tight constrictive binders 
were not employed. Limitation of fluids was not ad- 
vised. The results in both these cases were even more 
satisfactory than when the breast was allowed to be- 
gin to fill. 

Since these experiences, our routine procedure with 
such patients who are not to be allowed to nurse the 
infant at all is to administer 5 mg. of stilbestrol on the 
morning of the first, second and third days post- 
partum; or to give 5 mg. on the second and third days; 
or 10 mg. on the second day only. Any one of these 
procedures seemed to be as satisfactory as any other 
one provided lactation had not made its appearance. 
The breasts remained soft and discomfort was noted 
by its absence. 

When the dosage was increased to 10 mg. for sup- 
pression of lactation in those patients who had begun 
to nurse but had to be dried up, the results were pos- 
sibly a bit more complete in respect to rapidity of 
relief of discomfort, but not markedly so. The greater 
dose was tolerated as well as the lesser one. 

It was not an unusual occurrence to note recur- 
rence of lactation about one week after cessation of 
treatment. Aside from slight annoyance, there was 
no pain or engorgment. 

When lactation was adequate and stilbestrol was 
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administered in treatment of threatened acute 
mastitis, nursing was continued without notable 
change in amount or character but with prompt al- 
leviation of signs and symptoms of acute inflamma 
tion. 

SUMMARY 


A series of 50 patients treated with stilbestrol to 
suppress lactation is reported. 

Five milligrams of stilbestrol was administered 
intramuscularly once, twice or three times. 

Breast engorgment was relieved or inhibited within 
16 hours in 30 of 40 patients in the early puerperium. 
Treatment after the second week of the puerperium, 
after lactation had been well established, did not 
prove to be so satisfactory. 

Only two patients showed any reaction to the 
drug. 

Stilbestrol is an excellent means of suppressing 
lactation in the early puerperium. 
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STILBESTROL 


effects of stilbestrol there have been numerous 

reports of clinical trials with this interesting 
drug. Bishop (3) reported that in 17 of 25 women it 
controlled the symptoms of the menopause. He ad- 
ministered stilbestrol to a total of 46 patients of all 
types, only 3 of whom developed nausea and vomiting. 
A breast biopsy, made on one patient after she had 
received 280 mg. of stilbestrol, showed increased 
epithelial activity but no evidence of carcinoma. 
Winterton and MacGregor (4) observed nausea in 
6 of §1 patients treated for amenorrhea, dysmenorrhea 
or the menopause. In 5 this symptom was slight and 
in one, severe enough to require omission of the 
drug. No other toxic reactions were noted. Others 
have reported similar results (5-14). Moricard and 
Saulnier (15), on the other hand, reported nausea in 
7 of 12 patients. In 3 it was severe enough to make 
omission of the drug necessary. General malaise, 
nausea, vomiting and dizziness occurred in a large 
percentage of Varangot’s (16) patients, leading him 
to question the value of stilbestrol. Loeser (17, 18) 
demonstrated fatty degeneration and necrosis of liver 
cells after administration of 1 mg. of stilbestrol daily 
to rats for 44 or more days. Shorr, Robinson and 
Papanicolaou (19) observed toxic reactions in 80% 
of 44 women given stilbestrol in doses adequate to 
control the menopause or produce estrogenic changes 
in primary amenorrhea. Liver function tests were in- 
conclusive but suggested some functional impairment 
after these patients had been treated with stilbestrol. 
However, Buxton and Engle (20) reported no definite 
evidence of liver damage and only a small percentage 
of their patients developed nausea. MacBryde’s ex- 
perience with liver function tests (7) is similar. The 
consensus of most investigators seems to be that 
stilbestrol in therapeutic doses does not appear to be 
toxic, that nausea frequently occurs but is not suf- 
ficiently severe to warrant omission of the drug ex- 
cept in a small number of cases. 


Ss Dopps (1, 2) first reported the estrogenic 
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During the last 16 months we have been using 
stilbestrol' in the treatment of the menopause. The 
patients were selected from the usual run of patients 
at the Central Free Dispensary. Only patients who 
appeared intelligent enough to evaluate subjective 
symptoms were selected. Each patient was observed 
for at least one month without medication, during 
which time she recorded the time and frequency of 
hot flashes and other symptoms of the menopause. 
Three vaginal smears were examined during the pre- 
liminary period and the vaginal smears were followed 
throughout treatment. There were 30 patients in this 
series, all of whom had symptoms characteristic of 
the menopause. Ten of these patients developed 
symptoms following pelvic surgery and the remaining 
20 developed symptoms spontaneously. 


RESULTS 


All patients obtained prompt relief of symptoms 
of the menopause and showed characteristic estro- 
genic effects. Administration of the drug was fol- 
lowed by a decrease in hot flashes, nervousness, ir- 
ritability, headache, dizziness and gastric and cardiac 
consciousness and an increase in vigor, appetite, 
libido and firmness and size of the breasts. There 
was an increase in the pigmentation of the nip- 
ples in most instances and in several instances, in 
that of the genitalia. When senile vaginitis was 
present, it disappeared promptly. The minimum 
effective dose was usually about 2 mg. daily, although 
as little as 0. mg. per day completely controlled 
symptoms of the menopause in one patient and as 
much as 6 mg. daily was inadequate for complete con- 
trol in another. Vaginal bleeding occurred frequently 
during the administration of the drug in patients 
previously presenting amenorrhea and, on omission of 
the drug, in all patients who had an intact uterus, 
irrespective of age. The results are given in detail in 
table 1. 





"1 The stilbestrol was supplied by Dr. J. A. Morrell of E. R. 
sag & Sons and by Dr. R. M. Johnson of Frederick Stearns 
Co. 
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TABLE 1. RESULTS OF TREATMENT 
= " = = 7 = iene ms = = 
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| | 2/8] 3] & | -81e8) S81 as| ~ 88 5 = 
le) 2/5) 2 | 2 | 28/25 | Fe gS | 23 8 : 
S8\2| A /3| &| & | &slaslael|se| deg 5 a 
Po | | mg. | mg. | mg. | | | | omg. | 
1|38| AM| 4 3) ee | 2 | = | = | my 3 | None Panhysterectomy 
2/37| M | 8/ 2-6] 526 eae ie | + | m | 5 | Nausea, vomiting, diarrhea | Bilateral cystic ova 
| | | when dose of 5 mg. daily | ries removed durin; 
| first given. Tolerated 3 mg. | treatment. 
| | | well. Later no intolerance 
| | | | to 6 mg. daily. Severe uter- 
| | | | | ine hemorrhage. 
3|32|AM| 3] 1-3] 202 i = , 4 | None 
4/32] AM] 3 | 34 >} — |} — |] 1 | | Refused to continue treat- | Hysterectomy 
| | | ment because of nausea. 
5|47| M| 12] 0.1-3 | 545 3 | - —- | m | I | None | Hysterectomy 
6|39| AM]! 4]0.3-3| 75 3 | - - I | | None | Panhysterectomy 
7139| AM! 4] 1-3] 196 ,; | —- | = Slight nausea first week of | Panhysterectomy 
| treatment | 
8 | 47 M/} 3] 1 | 64 | 2? | — | + m | ? | Nausea and vomiting first | Thyroidectomy re- 
| | 2 wk. | quiring omission of 
| | | | treatment 
9|50/ M!/ 3] 12] 144 | 2 —- | + m I | Thrombophlebitis | 
10 | 45 M | 10 | 0.3-3 | 237 3 + | + m 3 | Severe uterine hemorrhage | 
| requiring transfusions 
11| 47| M/| 10} 0.4-3 | 358 | 2 | + | + | m | 3 Severe uterine hemorrhage | Fibroids of the 
| | | | | | uterus 
12} 42| AM| 8] 0.3-1] or | 0.5 - |/- /|m I None | Panhysterectomy 
3|48| M|15]0.3-3] 7o3 | 2 | + | + | m I | Slight nausea during first | 
= | | | | | | | | month of treatment | 
14/43} M| 9 | 0.3-2 | 163 2 - | + | I | Severe uterine hemorrhage 
13/62) M{1s] 1-3] 74) 2 | +] + | m I | Slight nausea and occa- 
| | | | | | | sional vomiting first week 
16| 51 | M/ 14 | 0.3-2] 292 ; = 4 + | + m | I | Slight nausea for first week | 
| | | | | | of medication | 
177143| MI] 8] 0.3-2| 18 | 2 + | + m | I | Slight nausea for first 2 wk. | 
18| 41 | M/ 11 | 0.3-3 | 680 | 3 | + + | m | . | Slight nausea first week | 
19 | 49 M| 4] 0.5-1 89 | 1 | + | + | m | I | None | 
20|46{ M/ 8| 1-2] 224 | 2 — | + m | I | None | 
21 | 49 Nj; 9] 0.5-3 | 416 2 _ + m I Nausea, vomiting, and diar- | 
| | | thea while taking 3 mg. 
| | | | daily but not 2 mg. daily | 
22156] M|/12]0.1-3] 332 | 2 + oo m I | None 
23| 50} M! 9! 0.3-3/ 219 | 3 | + | + m 3 | Abdominal cramps first 
AG } | | week of treatment 
24 | 32 | AM | 10] 0.2-3] 434 | 3 | —- |-]I Slight nausea and one eme- 
| = | | sis first week 
25 | 53 M |! 3 | 1 | «117 I cen e Died; cerebral embolus, he- | Hypertensive heart 
| | | | | patitis disease 
one) 4) 2) 0.35%] 38] 2 | = ? m 0.3 None Drug has not been 
| omitted. 
27 | 44| AM]| 3] 0.3-1] 43 | 1 - |/-!/]Mm 0.3 Slight nausea first week | Panhysterectomy 
28 | 49 M | 2/ 0.1-2 18 2 + | + m a None 
29 | 33 | AM | 1 | 0.3-1 40 I a m 0.3 None | Panhysterectomy 
30 | 34| AM} 3] 0.3-2] 102 5 - |- | m | 2 Nausea first week | Hysterectomy 





AM—Artificial menopause 


M—Physiologic menopause 


UNTOWARD REACTIONS 

No changes have occurred in the urine of any 
patients and the blood counts, when obtained, have 
been normal with the exception of 2 patients who 
developed a temporary anemia following uterine 
hemorrhages. Most of the patients experienced slight 


nausea and occasionally vomiting, when the dru 
was first started. These symptoms were less frequen 
when the drug was given just after a meal. Enter: 
coating of the tablets apparently did not preven 


m—Menopausal vaginal smear 
I—Interval vaginal smear 
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nausea. Nausea disappeared within two weeks in 
most cases if the drug was continued. Two patienis 
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who tolerated well a dose of 2 mg. daily experienced 
troublesome nausea when the drug was increased 
to 3 mg. daily. Several patients experienced slight 
nausea on restarting the drug after a period of omis- 
sion but this symptom disappeared after a few days. 
Nausea, vomiting and diarrhea were so severe in one 
patient that omission of the drug was necessary. 

Uterine hemorrhage became sufficiently severe in 4 
patients to require omission of stilbestrol temporarily. 
One of these patients had uterine fibroids and had 
menstruated profusely before the onset of the meno- 
pause. Bleeding was severe enough to require hos- 
pitalization in 2 patients. One was a 45-year-old 
woman who had had a radical breast amputation 18 
months previously. She had been bleeding slightly 
from the uterus for two months while taking 3 mg. 
of stilbestrol daily and when it was omitted a severe 
hemorrhage developed. She was admitted to the Cook 
County Hospital without our knowledge, where a 
diagnosis of bleeding fibroids was made, the attending 
physician apparently not having any knowledge of her 
previous medication. Two transfusions of 500 cc. of 
whole blood were given, following which an explora- 
tory laparotomy was done, which revealed no ab- 
normality in the pelvis. A curettage was made and 
the endometrium was reported to show a “resting 
stage with cystic hyperplasia.” She has been on stil- 
besterol for 4 months since discharge from the hos- 
pital and has had no futher severe bleeding, although 
slight bleeding has occurred on omission of the drug. 
The other patient was a 37-year-old woman who 
had had two normal pregnancies. At the age of 35 
years she developed scanty menstrual periods and 
severe symptoms of the menopause. At the age of 36 
years she had been told by a physician that she had 
cystic ovaries. After receiving from 3 to 5 mg. of 
stilbestrol daily for 3 months with partial relief of her 
symptoms, she began to bleed profusely. After omis- 
sion of stilbestrol a severe uterine hemorrhage oc- 
curred and it was considered advisable for her to 
enter the hospital. The bleeding stopped 10 days after 
omission of the drug. Two weeks later she was re- 
admitted to the hospital with a diagnosis of twisted 
ovarian cyst. At operation both ovaries showed ex- 
tensive cystic changes and the right ovary was 
twisted on its pedicle. The endometrium was hyper- 
plastic. 

One patient developed an extensive thrombophle- 
bitis of a varicose vein in her leg while taking stil- 
bestrol. This gradually subsided on omission of the 
drug and did not recur when the drug was adminis- 
tered later. 

One possible danger of the drug may be the de- 
velopment of thrombocytopenia, as demonstrated by 
MacBryde (7) and Tislowitz (21). Unfortunately, 
platelet counts were not made during the period of 
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hemorrhage in our 4 patients who developed severe 
bleeding from the uterus. At present the platelet 
counts on these patients are normal. 

We have not observed any definite decrease in ef- 
fectiveness of stilbestrol with prolonged administra- 
tion although we have had one patient taking the 
drug continuously for 16 months, except for a period 
of omission of 5 days duration every 6 weeks. 

Although we have had untoward reactions as far 
as bleeding is concerned, we now feel that the danger 
of bleeding can be reduced by withdrawing the drug 
as soon as bleeding appears or by periodic omission 
of the drug. This is usually followed by a moderate 
flow but not by severe hemorrhage. 

There is some question as to what effect any of the 
estrogens may have on the ovaries. As reported 
above, cystic ovaries were found at operation in one 
of our patients who had been taking large doses of 
stilbestrol for a period of about 4 months. However, 
this patient had had symptoms of hypoévarianism for 
2 years before treatment with stilbestrol. This sug- 
gests that ovarian pathology was probably present 
before treatment was started. 

The possible role of stilbestrol in causing liver 
damage has been brought to our attention by the 
pathologic findings in a 53-year-old woman with 
arteriosclerotic heart disease and hypertension who 
developed}slight jaundicejand died suddenly. She 
had had a total of about 131 mg. of stilbestrol in doses 
of 1 mg. daily over a period of 54 months before the 
development of jaundice. This patient had been seen 
frequently by us for 6 years because of parathyroid 
tetany following a thyroidectomy for exophthalmic 
goiter at the age of 47 years. She had received 400,000 
u of theelin in 1938, which had partially controlled 
her menopausal symptoms. During the 6 years of 
observation there had been an increasing hyperten- 
sion and changes in the retinal arteries. Stilbestrol was 
first administered from March 13, 1940 to July 8, 
1940 with complete relief of menopausal symptoms 
and without any toxic reaction. On August 8, 1940, 
she returned to the clinic complaining of a recur- 
rence of headache, weakness and dizziness, which 
had been relieved previously while taking stilbestrol, 
and in addition a loss of 10 Ib. associated with 
anorexia and nausea. Stilbestrol in a dose of 1 mg. daily 
was restarted. This controlled her headache but the 
nausea and anorexia continued. She became too weak 
to come to the clinic and was admitted to the hospital 
August 23, 1940. She appeared slightly jaundiced 
and had lost another 10 Ib. She had had no stilbestro! 
for one week and jaundice had been first noted by her 
daughter 3 days before admission to the hospital. 
She died suddenly during the first night in the hos- 
pital, apparently from a cerebral hemorrhage or 
embolus. Aside from the findings of left ventricular 
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hypertrophy, generalized arteriosclerosis especially 
of the coronary arteries, and changes in the glomerular 
tufts of the kidneys and focal areas of round cell in- 
filtration in the parenchyma of the kidneys, the 
autopsy revealed nothing unusual except for the 
liver. The liver weighted 1570 gm. It appeared to be 
firmer than usual and the edge and surface were 
smooth. Multiple sections showed an unusual slate 
brown color with some yellowish mottling caused 
apparently by deposition of fat. The cut surface 
presented a pale icteric tint. The gross appearance 
was like that seen in cases of hepatitis. The gall blad- 
der and ducts were grossly normal. Microscopic 
sections of the liver showed in many places vacuoliza- 
tion which appeared to be between the hepatic 
cells. However, vacuoles were seen in some of the 
liver cells. The hepatic cords were swollen. In many 
places the cells were indistinct in outline, assumed 
various shapes and showed granular cytoplasm. The 
nuclei of many of them, although centrally placed, 
were swollen. The sinusoids contained some red 
blood cells and in some of the Kiipfer cells there was 
some iron containing pigment. The bile capillaries 
were unchanged. The central vein was partially filled 
with blood cells and the portal vein was dilated and 
also contained blood cells. Focal areas of round cells 
were seen in one of the sections in the region of the 
portal vein. Glisson’s capsule was not thick but in 
some places beneath the capsule there were collections 
of round cells. 

The hepatitis in this patient was apparently of 
recent origin because of the absence of cirrhosis. The 
problem was whether it was related to the hyper- 
tensive heart disease with kidney damage, the attack 
of exophthalmic goiter, recent starvation or stil- 
bestrol. Liver changes not unlike those found in this 
patient have been described by Loeser (17, 18) fol- 
lowing the administration of stilbestrol to rats. Since 
the first course of treatment with stilbestrol was not 
associated with any untoward symptoms and since 
for several years she had had symptoms referable to 
hypertensive heart disease and arteriosclerosis, it is 
possible that the terminal symptoms and liver changes 
were caused by these disorders and not by stilbestrol. 


SUMMARY 


Stilbestrol has been administered orally for periods 
of from 3 to 16 months to 25 patients suffering from 
the menopause. Nausea occurred frequently during 
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the first few weeks of treatment but was troublesome 
enough to require omission of the drug in only one 
case. The maintenance dose was about 2 mg. daily 
in a large number of patients but varied from 0.5 
mg. to more than 5 mg. daily. One patient with hyper- 
tensive heart disease died one week after omission of 
treatment and the liver showed evidence of toxic 
hepatitis similar to that found in test animals receiv- 
ing stilbestrol. However, the changes in the liver of 
this patient may have been related to cardiorenal dis. 
ease or starvation. Uterine bleeding became trouble- 
some in 4 patients and dangerous in 2 of them. The 
danger of uterine hemorrhage may be reduced by 
periodic omission of the drug. But some bleeding 
commonly occurs in patients with intact uteri wher 
the drug is withdrawn. One patient developed 
thrombophlebitis while taking stilbestrol and another 
required surgical intervention because of a twisted 
ovarian cyst. However, the history suggests that the 
ovaries had been cystic before the ingestion of stil- 
bestrol. 
CONCLUSIONS 


Stilbestrol is a potent estrogenic substance which 
combines the advantage of being very effective by 
mouth with that of low cost. Most patients tolerate 


the drug well. 
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| written about the synthetic estrogen, 4-4’ di- 
A hydroxy A B diethylstilbene which is now re- 
ferred to as diethylstilbestrol or more simply stil- 
bestrol, and which was discovered by Dedds and his 
coworkers (1). This estrogen, differing distinctly in 
chemical structure from the previously known estro- 
gens, has been shown to produce all the biologic 
effects attributed to them, such as suppression of the 
antuitary (2), inhibition of body growth (2), pro- 
liferation of the ductile system of the breast (3), sup- 
pression of engorgement incident to lactation (4), 
hyperemia, edema, and distention of the uterus (5), 
proliferation of the endometrium (6), vaginal cornifi- 
cation (7), and swelling of the sexual skin (8). It like- 
wise presumably has the supposed carcinogenic pro- 
pensities of the true estrogens (9). 

One of us (J.E.L.), in previous publications (10, 
11), has demonstrated the effect of estrogenic sub- 
stance on myometrial activity in the human uterus by 
utilization of the intrauterine bag. We felt that it 
might be of interest to apply this same method in a 
similar study using stilbestrol as the experimental 
agent. The subjects of our study were surgically cas- 
trated women, as we were desirous of avoiding a 
possible enhancing effect of endogenous estrogen such 
as could be elaborated in the normal sexually active 
female. It appears that post menopausal women se- 
crete a small but definite quantity of estrogen possibly 
by way of the adrenals (12). Geist (12) states that the 
surgical castrate likewise probably produces endog- 
enous estrogen. However, the abrupt cessation of 
Ovarian activity coupled with clinical evidence of 
severe estrogenic deprivation in such patients, might 
lead one to deduce that the responsible glands do not 
have time to take over the function of the ovary and 
that these women may produce less estrogen than the 
post menopausal group and perhaps may produce 
none at all. 


[ THE PAST THREE YEARS many articles have been 
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EFFECT OF STILBESTROL ON THE 
MYOMETRIAL AND ENDOME- 
TRIAL ACTIVITY OF THE HUMAN 
CASTRATE UTERUS 


J. E. Lackner, M.D., 
AND A. S. Tutsxy, M.D. 


From the Departments of Gynecol- 
ogy and Obstetrics of the Michael 
Reese Hospital, Chicago, Illinois 


Finally it was considered of value to correlate 
endometrial with myometrial activity (as evidenced 
by the endometrial biopsy) as a means of studying the 
relative rates at which these structures respond to 
the influence of stilbestrol. 

This study was made on two castrate women. The 
first (Mrs. A. S.) was a 35-year-old married nulli- 
gravida who had had a bilateral salpingo-odphorec- 
tomy for pelvic inflammatory disease at 18 years of 
age. Her weight was 285 lb. The uterus was hypo- 
plastic. A control uterine tracing taken at the begin- 
ning of the experiment revealed a uterine volume of 
1.0 cc. with no spontaneous motility at the end of go 
minutes (fig. 1). Endometrial biopsy obtained at the 
same time demonstrated an endometrium with no 
glandular tissue and scanty stroma (fig. 3). Thereafter 
for a period of 20 days, the subject was given 5 mg. 
of stilbestrol intramuscularly each day, obtaining 
uterine tracings and endometrial biopsies at 5-day 
intervals. After 25 mg. of stilbestrol had been ad- 
ministered, the uterine volume had increased to 2.4 
cc. and the tracings of uterine motility showed small 
spontaneous contractions unaffected by pituitrin; 
there were no changes in the endometrium, contrary 
to the observations of Wenner and Joel who found 
endometrial proliferation following administration of 
15 mg. of stilbestrol parenterally (4). No complaints, 
other than moderate nausea could be elicited from the 
patient. Five days later, following another 25 mg. of 
stilbestrol, uterine volume persisted at 2.4 cc.; trac- 
ings of uterine motility showed moderate contractions 
(fig. 2). At this time the endometrium had been con- 
verted into a characteristic proliferative phase (fig. 4). 
Nausea persisted, and the patient noted a marked 
libido for the first time in many years. After 100 mg. 
of stilbestrol had been administered, the myometrium 
had undergone no further change, although the 
uterine volume had shown a further increase to 3.1 
cc.; the endometrium was now definitely hyper- 
plastic (fig. 5). At this point stilbestrol injections 
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were stopped, and the subject given a hypodermic 
injection of 5 mg. of progesterone (proluton) daily for 
10 days. Profuse vaginal Meeding appeared 2 days 
after the administration of stilbestrol was stopped, 
and persisted for a period of 12 days, unaffected by 
progesterone. The latter caused no change in myo- 
metrial activity, but the endometrium showed sub- 
nuclear vacuolization generally recognized as early 
secretory activity (fig. 6). Biopsy taken 6 weeks later 
showed an endometrium in the early proliferative 
phase. 
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the extent noted in the first case (fig. 8). Moderate 
vaginal bleeding began 5 days after the close of the 
experiment, and persisted for 8 days. No untoward 
symptoms due to stilbestrol could be elicited from the 
subject. 


DISCUSSION 


Unfortunately, we were able to study only two 
women, since the nature of the material and the ex- 
periment made it impossible to obtain any more pa- 
tients. Correlated studies of the endometrial and 
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Fig. 1. (left) (Case 1). ConTROL UTERINE TRACING TAKEN AT START OF EXPERIMENT. No spontaneous motility. 
No response to pituitrin. Vol., 1.0 cc. Fig. 2. (right) (Case 1). UTERINE MOTILITY FOLLOWING ADMINISTRATION OF 
50 MG. STILBESTROL. Vol., 2.4 cc. Moderate arhythmic contractions. 


The second patient (Miss R. S.) was a 29-year-old 
unmarried nulligravida who had had a bilateral sal- 
pingo-odphorectomy for ovarian dermoids at 14 years 
of age, two weeks after the onset of her first menstrual 
period. der weight was 134 lb. Secondary sexual 
characteristics were well developed and the patient 
admitted an active libido. Her uterus was small and 
freely movable. Initial tracings showed no sponta- 
neous motility, and no response to pituitrin (fig. 9). 
The volume of the uterus was 0.5 cc. The endo- 
metrium was in an atrophic state (fig. 7). Five mg. of 
stilbestrol were administered daily by mouth for a 
period of 14 days, at the end of which time, very 
small spontaneous contractions were obtained with 
the intrauterine bag. The uterus did not respond to 
pituitrin, and its volume was unchanged. Biopsy re- 
vealed a proliferating endometrium. Stilbestrol was 
continued orally for another 15 days for a total dosage 
of 145 mg. and tracings and biopsies were obtained at 
5-day intervals. The myometrium continued to show 
some evidence of activity by contractions alternating 
between rhythmicity and arhythmicity but did not 
respond to pituitrin. Uterine volume, however, 
showed a rapid and notable increase to a peak of 2.7 
cc. at the close of the experiment (fig. 10). The endo- 
metrium developed full estrogenic activity with occa- 
sional cystic dilatation of the glands not, however, to 


myometrial activity in the human castrate have not 
previously been made, insofar as their time response 
to stilbestrol stimulation is concerned. In the first 
case, uterine motility and increased volume appeared 
at least several days before the endometrium showed 
any histological changes. If the uterine body reacts to 
estrogens by increased oxygen consumption (elevated 
metabolic rate) as shown by Reynolds (13), it would 
be reasonable to assume that both the myometrium 
and endometrium would respond simultaneously. 
Reynolds subsequently demonstrated (14) that stil- 
bestrol does not have the cholinergic effect on the 
uterus (which precedes metabolic activation by sev 
eral hours) that the true estrogens have. In the second 
case, motility and proliferation were concomitant, 
with increased uterine volume appearing later. In 
both cases, motility was not markedly stimulated, as 
evidenced by the small uterine contractions. The 
straight line of the control tracing taken in each case 
proves that the motility was not due simply to the 
presence of a foreign body within the corpus cavity. 

The increased uterine volume is likewise of in- 
terest. It presumably is not analogous to the uterine 
distention of experimental animals in which the 
corpus cavity is filled with mucin. Changes in the 
endometrium correlate with observations made by 
other investigators (15) regarding the effect of stil 
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Fig. 3 (Case 1). ATROPHIC ENDOMETRIUM. Scanty stroma; few poorly developed glands. Biopsy obtained prior 
to therapy. X30. Fig. 4 (Case 1). ENDOMETRIAL BIOPSY AFTER ADMINISTRATION OF $0 MG. STILBESTROL. Prolifera- 
tive phase. X30. Fig. 5 (Case 1). HypERPLASTIC ENDOMETRIUM PRODUCED BY 100 MG. OF STILBESTROL. X30. Fig. 6 
(Case 1). ENDOMETRIUM AFTER 50 MG. PROGESTERONE. Subnuclear vacuolization present. Stroma still compact. 
X90. Fig. 7 (Case 2). ENDOMETRIAL BIOPSY PRIOR TO THERAPY. Endometrium atrophic. X30. Fig. 8 (Case 2). 
ENDOMETRIAL CHANGES INDUCED BY 145 MG. STILBESTROL. X 30. 
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Fig. 9 (left) (Case 2). ConTROL UTERINE TRACING TAKEN AT START OF EXPERIMENT. Vol. of uterus, 0.5 cc. No 
spontaneous motility. Fig. 10 (right) (Case 2). UTERINE MOTILITY AFTER INGESTION OF 145 MG. OF STILBESTROL. 
Small arhythmic contractions. No response to pituitrin. Vol. of uterus, 2.5 cc. 


bestrol on this tissue. There is no detectable histo- 
logical difference between these changes and those 
observed by administration of the natural estrogens. 
In the first subject, a typical “Swiss cheese’ endo- 
metrium was obtained, having evolved from simple 
proliferation, and was responsible for severe bleeding 


upon estrogen withdrawal. In this same subject, 50 
mg. of progesterone produced only subnuclear vacu- 
olization in the endometrial glands (considered as 
early secretion). The glands showed no other evi- 
dence of morphologic change, and the stroma re- 
mained compact. Progesterone appeared to have no 
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effect on the estrinpriva bleeding. In the second sub- 
ject, endometrial changes were not so prominent 
despite the increased amount of stilbestrol given, per- 
haps due to its mode of administration (oral). A few 
cystic glands were observed, but never a typical 
hyperplasia. Estrogen deprivation bleeding was 
neither so marked nor so long as in the first subject. 

Clinically, the only untoward effect associated 
with the administration of stilbestrol in this study 
was a moderate nausea in the first patient persisting 
for the duration of the experiment. This same patient 
has developed a marked protracted libido. The second 
case manifested no demonstrable effects either un- 
toward or advantageous. 


SUMMARY 


A study of the influence of stilbestrol on myo- 
metrial and endometrial activity has been undertaken 
in two surgically castrated women by utilization of 
the intrauterine bag and endometrial biopsy. In both 
women stilbestrol induced spontaneous uterine con- 
tractions and endometrial proliferation. In the first 
subject, motility of the uterus preceded proliferation 
of the endometrium by several days; in the second 
patient they were concomitant. Changes in the endo- 
metrium were more marked than in the myometrium, 
varying in degree, however, in each subject. These 
changes were only slightly influenced in the first case 
by subsequent administration of progesterone. Both 
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patients developed estrinpriva bleeding as a result of 
stilbestrol withdrawal. This was more severe in the 
patient with typical hyperplasia induced by paren- 
teral administration. One subject developed a per- 
sistent libido as a result of medication, including with 
moderate nausea, the only subjective effects of the 
drug. 

We wish to thank the Schering Corporation and the Abbott 


Laboratories for the supplies of progesterone and stilbestrol used 
in this study. 
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discovery of stilbestrol by Dodds (1) and his 

associates to the present! the writer has ab- 
stracted 257 papers in which stilbestrol was either the 
entire subject or an important part thereof. Many of 
these have been reports from the laboratory confirm- 
ing the similarity of physiological action of stilbestrol 
and the natural estrogens. Some few have discussed 
pharmacological and pathological studies which have 
been made with the substance. Many others have re- 
ported the results of the clinical application of stil- 
bestrol in the various conditions in which the natural 
estrogens have been employed. 

No review of the clinical work has been published 
so far and it was felt that such a summary might have 
a definite value at this time. No attempt has been 
made to present a complete tabulation of all the clini- 
cal papers that have appeared because many of these 
do not lend themselves to such treatment. Some men- 
tion stilbestrol in general terms as a substitute for the 
natural estrogens. Others simply state that stilbestrol 
has been employed in the treatment of several differ- 
ent types of estrogen deficiency with more or less 
success. 

In table 1 are presented the data contained in 64 
published papers: 50 American, 6 English and 8 
from other countries. 


D«= the comparatively short time since the 


DISCUSSION 


The results indicate that there is no question about 
the estrogenic activity of stilbestrol. These reports 
show that it is as effective if not more so than the 
natural estrogens in any of the clinical conditions in 
which it has been tried. It is very active when given 
orally in contrast to the natural estrogens. Excretion 
studies (66) have shown that appreciable amounts of 
stilbestrol are excreted in the urine whereas much 
smaller amounts of the natural estrogens are found 
there. The metabolism of stilbestrol has not been ex- 
tensively studied but the difference both in amounts 
and in duration of excretion may indicate a difference 
from the natural estrogens. 

Stilbestrol is also very effective when given intra- 
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vaginally, percutaneously or by subcutaneous im- 
plantation of pellets. In view of the cheapness of the 
product and its effectiveness by the oral route it 
would seem that the implantation method is not as 
important as it is in connection with the steroid 
hormones. 

Stilbestrol has never been reported to occur in the 
animal body or its excreta. Hence it must be con- 
sidered a drug rather than a hormone. Naturally a 
great deal of interest has been taken in the possible 
toxicity of the compound. 

One manifestation of possible toxicity, nausea, has 
been a very common symptom displayed by patients 
taking stilbestrol. The incidence of this symptom 
varies enormously as can be readily seen from the 
table. It has been reported as ranging from occasional 
and transitory nausea to an incidence of 80% and of 
a severe and persistent character. It has been stated 
(56) that the nausea is central in origin but this has 
not been substantiated. Recently (29) an observation 
has appeared showing that probably small doses exert 
an irritating effect producing hyperacidity and large 
doses have a depressant effect which may account for 
the nausea. Experience has shown that the incidence 
of nausea is higher on large doses than on small ones 
and, further, that many individual patients can take 
I mg. or even 2 mg. with no nausea or other side 
effects but cannot take larger doses without nausea. 
A general trend towards reduction of the dosage em- 
ployed can be observed as more experience is ob- 
tained. 

Different routes of administration show also a 
difference in the incidence of nausea. In one recent 
report (24) it was shown that nausea occurred least 
frequently where stilbestrol was given hypodermi- 
cally, and, in order of increasing frequency, percu- 
taneously, intravaginally, and orally. There appar- 
ently are some patients who cannot tolerate the drug 
in any dosage or by any route of administration. How- 
ever, this is a small percentage of the total, probably 
from 3 to 5%. 

Many different palliative measures have been tried 
by various clinicians. These methods have included 
giving stilbestrol (a) always on a full stomach, (b) an 
hour before retiring, (c) as enteric coated tablets, (d) 
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TABLE 1. TABULATION OF 64 PUBLISHED PAPERS ON STILBESTROL (American 50, English, 6, Other countries 8) 
Author | Other 4 Inhibition of 
and | Cases Nausea Vomiting side Stoppe Menopause, lactation, 
reference reactions | treatment ca cases 
% % % % 
Allan (2) 45 22 6.6 4-4 45 
Abarbanel (3) 175 175 
Bishop (4) 45 6.6 6.6 15 
Buschbeck (5) go Considerable proportion except on puerperal cases 
Burch (6) 16 No mention | 
Buxton (7) 17 17.7 6 II 
Collins (8) 50 . Transitory Severe 35 
60% 2% 
Connally (9) 200 No single toxic side effect 
Cohn (10) 25 No mention | 
Davis (11) 102 5 mg. 20% | 1 mg. 3% 100 
Evelbauer (12) 50 Well tolerated except in hypoplastic cases 
Everett (13) 32 12.5 I mg. none 32 
Ewing (14) 15 | No mention 
Farthing (15) 24 | No untoward side reactions 20 
Felding (16) 55 | 16.3 14.5 45 
Felger (17) 714 Mild 14.8 | 5.4 9.0 68 
Mod. 13.2 | 
Severe 9.0 | 
Finkler (18) 4 No mention 
Frank (19) 42 12.0 | 42 
Franke (20) 80 No untoward effects 80 
Freed (21) 21 | 20 
Fuestner (22) 128 Mild 23.5 net 64 54 
Geist (23) 38 Hypo 20 Some 38 
Oral 45 
Greenblatt (24) 79 Hypo II 
Oral 50 
Vaginal 26 
Percutaneous 13 
Greenblatt (25) 22 13.6 
Heaver (26) 26 Some side reactions in 23% 1 
Huberman (27) 77 36.0 31 77 
Huett (28) 46 10 3 
von Haam (29) 125 35 20 125 
Jeffcoate (30) II No mention 
Kahle (31) 14 14.3 7 
Karnaky (32) 178 Occasional 60 
Karnaky (33) 100 | Some 
Karnaky (34) 700 =| 5 5 
Karnaky (35) 128 
Keller (36) 19 | Oral—tem- 6 4 
porary 16 
Hypo— ) 
Kurzrok (377) 40 Menopause 67 15 
Others 50 
Lewis (38) 18 Menopause 20 10 
MacBryde (39) 56 16 3.6 51 
MacBryde (40) m 
Moricard (41) 12 | Some 12 
Muckle (42) 75 2.6 SL. 75 
Muckle (43) 133 2.8 133 
Payne (44) 52 10 52 
Payne (45) 80 23.7 5 7-5 
Peel (46) 79 | 1.27 | 
Preissecker (47) 70 | Some—adjust dosage. No nausea in pregnant or lactating women 
Pratt (48) 250 | 5.2 3.6 124 
Palmer (49) 8 | No mention 4 
Palmer (50) Sr | 35 
Resnik (51) II 18 4 I 
Rosenkranz (52) 40 No toxicity—pregnant women 
Russ (53) 25 None with milk 
Salmon (54) 45 55 Some 45 
Sevringhaus (55) 17 5.9 5.9 
Shorr (56) 44 80 32 70 42 
Soule (57) 64 Some side reactions 17 14 31 4 
Tietz (58) 120 No adverse effects in doses not exceeding 2.5 mg. 
Tietz (59) 51 5.9 | 
Weed (60) 57 No nausea with milk | 57 
Weinstein (61) 100 15 | 1 86 } 
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Senile Amen- | oy Se 
vaginitis, | orrhea, | orrhea, | estrinism, | vaginitis, | bleeding, | & complica- Mental —— Liver function tests 
cases cases | cases cases | cases | cases | tions, cases| SSeS oe 
| | | | | 
| | 
10 18 2 | 
16 | | | 
4 I x | | 1 possible damage 
2 13 | | 
| | 200 | 
| | 25 | 
2 | | No liver damage 
| | | 
| | 3 | 
, | | | 
4 
10 | | 
4 | | | | 2 
| ] | | 
| | | | | | 
4 | | | | 
| | | 
| 1 | No liver damage 
| | 
10 | | | 
| | | 
| | 
| | 
| | 
| 
| 26 
| 
No liver damage 
Il 
14 
16 25 | I Il 5 60 
26 24 | 24 37 | 17 400 | 91 
7 | 121 
5 3 | | I 
| | 
an | | 
| | 
| | | 8 | | 
| | | | | | No liver damage 
| | No liver damage 
| | | | | 
| | | 
| | | | 
| | | No sign of liver damage 
| | | 1 possible damage 
| 7m | | | 
| 
67 3 7 | 27 
4 
| 31 | Possible damage 
4 | I | I 
| 40 } | 
25 | | 
| | | | | 
| | | | | | 
2 | | | Inconclusive 
5 5 II | | 6 | 
| | | | 
| | | | 51 | 
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Volume 1 
Taste 1—Continued 
Author | Other 5 4 M. Inhibition 
and Cases Nausea Vomiting side toppe enopause, | of lactation, 
reference reactions treatment oe cases 
% % % % 
Werner (62) 29 6.9 9 20 
White (63) 16 
Wilder (64) 66 Nausea controlled by milk of magnesia 50 I 
Winterton (65) 51 | 12 1.9 30 6 
Totals | 4507 | | | | 1580 481 





with simultaneous administration of bile salts, (e) 
with bread, (f) powdered in milk, (g) with milk of 
magnesia. There does not seem to be any common 
denominator for these various attempts to obtain re- 
lief from nausea. 

Vomiting as the objective symptom of gastro- 
intestinal disturbance occurs much less frequently 
than nausea. 

Other side reactions which have been reported 
following the use of stilbestrol, listed in approximate 
order of their frequency as reported in an additional 
series of 2,196 cases (67), are loss of appetite, abdomi- 
nal distress, headache, diarrhea, drowsiness, vertigo, 
palpitation and skin eruptions. 

Curiously enough during pregnancy and the puer- 
perium side reactions are practically absent even in 
spite of enormous doses. White (63) has given a 
40-120 mg. daily to pregnant diabetics exhibiting 
severe toxemias of late pregnancy and pre-eclamptic 
states with no side reactions and no evidence of 
damage to the liver. 

Liver function studies (7, 11, 21, 29, 39, 40, 45, 50, 
56, 63, 68) have not shown any clear-cut evidence of 
damage to this organ. In about 3 instances there was 
a possibility that liver injury might be attributed to 
stilbestrol, but secondary unrelated complications 
might also account for these. 

Studies on blood morphology and constituents (7, 
II, 29, 40, 45, 68) of patients receiving stilbestrol for 
varying periods of time and in widely divergent con- 
ditions and dosage have shown no change of patho- 
logical nature. In a few instances cases exhibiting 
varying degrees of anemia have shown a considerable 
increase in erythrocyte count and hemoglobin con- 
centration. 

Less work has been reported on studies of blood 
chemistry of patients treated with stilbestrol. How- 
ever, at least three authors (7, 41, 68) have found no 
significant changes in the chemical components of the 
blood in patients under such treatment. 

Reports (7, 11, 39, 40, 68) of findings from chemical 
studies of the urine of stilbestrol treated cases have 
shown nothing abnormal. 

Apparently the administration of stilbestrol may 
result in nausea either temporary or persistent and 


severe of unknown cause and mechanism with a much 
smaller number of patients exhibiting a wide variety 
of occasional side reactions. However, definite evi- 
dence of any permanent toxicity is still lacking. 

Another consideration, the side effects of excessive 
estrogen dosage, must be mentioned. Some authors 
have suggested that many of the so-called toxic side 
effects enumerated above might be due to estrogen 
overdosage rather than toxicity of stilbestrol. How- 
ever, another group of side effects must be mentioned 
which are primarily related to the physiological estro- 
genic effects. 

In menopausal cases, particularly those having vari- 
ous complications and in children with gonorrheal 
vulvovaginitis, uterine bleeding is a frequent occur’ 
rence. Excessive bleeding to the point where it be- 
comes alarming or dangerous very seldom occurs. 
This withdrawal bleeding may occur while the pa- 
tient is still continuing treatment as has been reported 
in cases treated with natural estrogens. However, 
bleeding accurs more frequently with stilbestrol than 
with the hormones and patients should be warned of 
the possibility and urged to return at once if the flow 
is abnormally profuse or prolonged. Otherwise the 
occurrence has little significance. 

The breasts of patients treated with stilbestrol 
frequently increase in size or fullness sometimes even 
becoming sensitive to touch or painful and the nip- 
ples and areolae become pigmented. These changes 
are temporary and either subside while therapy is 
still administered or regress after cessation. No evi 
dence of any permanent pathological changes have so 
far been reported. 

Other evidences of the estrogenic activity of stil- 
bestrol are sometimes noted in different clinical con- 
ditions. Growth of pubic hair in children or adoles- 
cents with hypogonadism and increase in libido in 
menopausal women are the most common of these 


SUMMARY 


Stilbestrol is a powerful and therapeutically ef 
fective estrogen. 

Gastrointestinal disturbances of unknown etiology; 
are frequent complications of therapy. They are gen 
erally temporary but may be persistent. 
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Taste 1—Continued 
Senile Amen- | Dysmen- | Hypo- GC. Uterine | Pregnancy ae 
vaginitis, | orrhea, orrhea, | estrinism, | vaginitis, | bleeding, | & complica- enta ; iscel’ | Liver function tests 
cases cases cases cases cases cases | tions, cases| “SS aes 
8 6 
16 No damage 
6 2 
12 3 
161 158 38 89 80 505 347 77 = | 





























Other side reactions such as drowsiness, vertigo 
and skin rashes sometimes occur. 

No permanent toxic effects have been reported 
from liver function studies, blood or urine chemistry 
analyses or examinations of blood morphology and 
blood forming organs. 

Overdosage may be responsible for some of the 
gastrointestinal symptoms and other side reactions. 
Also uterine bleeding and breast changes may occur 


but are generally temporary and without significance. 


Stilbestrol is very active when given orally or in- 
travaginally but should be used only under the im- 
mediate supervision of a physician. 
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HOMOSEXUALITY 


compared androgen and estrogen analyses of urine 

obtained from so-called normal and homosexual 
males. For the homosexuals they reported androgen- 
estrogen ratios which they consider “significantly 
lower than those obtained in 31 normal males.” 

These conclusions are in line with wide-spread and 
long-standing popular opinion that homosexual be- 
havior depends on some inherent abnormality which, 
since the time of the discovery of the sex hormones, 
is often supposed to be glandular in origin. This as- 
sumption is offered as specific explanation in some of 
the psychology and sociology texts, and some of the 
psychiatrists are treating homosexuality as an organic 
disease which is to be cured, if at all, by endocrino- 
logic adjustments. Since these recently published 
studies are practically the first to test the validity of 
the current opinion, they are likely to attract some 
attention; and it is, therefore, desirable to examine the 
bases of the conclusions and, in fact, to consider 
the possibility of any hormonal explanation fitting the 
picture of homosexual behavior as it actually oc- 
curs in the human being. 

The Glass-Deuel-Wright studies involved andro- 
gen and estrogen determinations of single urine sam- 
ples from 31 supposedly normal males, and two to 
four samples from each of “17 clinically diagnosed 
male homosexuals.” The summarized data, with some 
mathematical errors wiaiain are as follows. 


I A RECENT ARTICLE Glass, Deuel and Wright? 





| Average of 
, - | Average Average | *. 5. ag) 
Samples | androgens | estrogens | individual 
| ratios 
31 Normals $4.1 4.41 12.01 
45 Homosexuals * 9 . p | - ° 


Differences | 
+2. BE) +1. o8(S.E), +1, 85 (SE) 


The ratios given one represent averages of the 
ratios obtained from each individual urine sample. 
Glass, Deuel and Wright introduce an error into their 
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homosexual tables by computing the averages of the 
several ratios obtained for each individual, and then 
using the average of all these averages as the final fig 
ure for comparison with the normals. 

It will be seen that analysis of the table above 
shows standard errors of such magnitude that the dif- 
ferences can hardly be taken to be conclusive. The 
samples are small, there is great variation in the sam- 
ples from different individuals, and in the successive 
samples from the same individuals. Determinations of 
androgens in the homosexual group (e.g. cases 4S, 7S, 


14M, 15S) showed variations of as much as 250 to- 


350%. Variation in successive measurements of estro- 
gens for some of the homosexuals was as much as 300 
to 2,300% (cases 3S, 5M, 6S, 7S, 8S, 9S, 10S, 14M, 
15S, and 16M). One is not warranted in concluding 
that the relatively small differences in averages be- 
tween two such small groups are significant when suc- 
cessive samples from single individuals show 7 to 50 
times as much difference. 

The published study utilized results obtained by 
two different methods of collection of the urine. Part 
of the specimens represented 2-day pooled collections 
(in the case of the normals) and 5-day pooled collec: 
tions (for the homosexuals). Part of the samples from 
each group represented 7 night-and-first-morning 
specimens. In analyzing their material the authors 
pooled the results from both methods of sampling. 
But if the averages for each type of collection are 
handled separately, the record is as follows. 








| : 
S 4 | Average Average Average : 
amples | pacheatine éimginn individua 
i: B | 8 ratios 
17 homosexuals: | | 
5-day | 36.95 | 8.37 | 8.44 
20 normals: 2-day 34.50 | 4.86 | 10. 
Differences | 


2.45 | 3.51 —2. 
+3.51(S.E.)| +2.08(S.E.) | +2. 59 (SE) 





28 homosexuals: whe | 5." a 


might-morning | 
Pe i 33-43 | 3.61 | 14.10 
night-morning | | 
hee , ma: 2.11 | —6.63 
| £4. or SE.) +2.40(8.E.), +3. 396 (SE) 
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By one method of sampling, the homosexual group 
seems to show more androgen than the normal group, 
by the other method of sampling there is less andro- 
gen. The methods of sampling may have had some- 
thing to do with the results. In all these cases, how- 
ever, the differences involve such large standard errors 
that little significance can be attached to the results. 


FIELD DATA ON HOMOSEXUALITY 


More basic than any error brought out in the anal- 
ysis of the above data is the assumption that homo- 
sexuality and heterosexuality are two mutually 
exclusive phenomena emanating from fundamentally 
and, at least in some cases, inherently different types 
of individuals. Any classification of individuals as 
‘homosexuals’ or ‘normals’ (=heterosexuals) carries 
that implication. It is the popular assumption and the 
current psychiatric assumption, and the basis for such 
attempts as have been made to find hormonal expla- 
nations for these divergences in human behavior. But 
what would a study of the phenomena themselves 
show? Until we know the nature of the gross behav- 
ior itself, no hormonal or other explanation is likely to 
fit the actuality. 

Unfortunately there is a paucity of data on homo- 
sexual behavior. Our civilization so strongly con- 
demns the behavior that scientific examination of it 
has hardly begun. The best of the published studies 
are based on the select homosexual population which 
is found within prisons, and it seems, heretofore, to 
have been impossible to discover the extent to wh’! 
the phenomenon occurs in otherwise socially adjusted 
portions of the population. At this time, therefore, it 
seems appropriate to publish certain data which we 
have collected on homosexuality. 

These data are drawn from a series of more than 
1,600 histories which we have accumulated in con- 
nection with a general study on human sex behavior. 
Each history covers a minimum of 255 items, and 
many of the histories cover something more, up to as 
many as 495 items. All of the histories have been ob- 
tained by personal interview.We need ten thousand or 
more histories before we can draw definite conclusions 
on most of the phenomena involved. It is imperative 
that we have complete histories, covering all phases 
of each individual’s sexual behavior, for our interpre- 
tation of any part of the picture is dependent upon 
our knowledge of its relation to the total experience 
of the individual. The published studies on particular 
aspects of human sexual behavior sometimes arrive at 
erroneous conclusions because they do not recognize 
that total behavior always involves an adjustment in 
which each item is affected by all of the others in the 
complex. Our experimentation with the sort of writ- 
ten questionnaire which has been the basis of most of 
the published studies shows that it is wholly inade- 


HOMOSEXUALITY 425 


quate for discovering any item against which there 
are strong social taboos. Over 1,300 of the histories 
were obtained by the present author; 300 of them 
were collected by Glenn V. Ramsey, of Peoria, Illi- 
nois, whose important studies on sexual behavior at 
the junior and senior high school level are being co- 
ordinated with our own on the older age groups. 
Descriptions of the sampling methods and other tech- 
nics which are being used in this study will be given 
in detail at another time, in another place; but here it 
should be indicated that about 58% of these histories 
have come from college populations, the remainder 
from a wide variety of social levels. Over 140 Ameri- 
can colleges and universities are represented in the 
series. Special effort has been made to obtain a repre- 
sentative sample of socially average males and females. 
The adequacy of the series is being tested by a series 
of whole samples which represent all of the individ- 
uals in particular social groups, such as fraternity 
and rooming houses, professional and social organi- 
zations. 

Of the first 1,058 males in our series, 354 have been 
involved in homosexual behavior. This figure includes 
only those cases in which one or both parties in the 
relation have come to ejaculation as a result of stimu- 
lation provided by another male. There is another and 
highly significant group which responds to homo- 
sexual stimulation and which, in many cases, has had 
a considerable amount of homosexual contact, al- 
though it has not led to actual orgasm; but for the 
sake of the present discussion we shall confine our 
statements to cases which have come to full climax in 
the relation. This means that over 35.5% of all of the 
individuals in the series have had one or more homo- 
sexual experiences. The figure is a little over 30% for 
the college-bred portion of the series. Elaborate analy- 
ses of these data suggest that they provide a fair basis 
for estimating the frequency in our American popu- 
lation as a whole, although the validity of this conclu- 
sion can only be indicated in the present brief article 
by citing the figure of 27% obtained from the 329 
histories which we have from our whole samples. 
This last figure is a bit lower than the others, prob- 
ably because the whole samples are, at present, over- 
loaded with younger ages and with college groups. 

At any rate, it seems warranted to believe that 
something between one-quarter and one-third of all 
the males in any mixed-aged group has had some 
homosexual experience. 

But, in the course of a lifetime, it is probable that 
50% or more of the male population will become in- 
volved in homosexuality. In support of this generali- 
zation we present the record on the age groups for 
which we have §0 or more histories per group. The 
less adequate data which we have for other ages indi- 
cate that there may be some further rise in the figures 
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for the older groups. The figures for the younger 
groups are summarized in table 1. The figures for the 
‘total adolescent population” represent the total 


TABLE I. 1,058 MALES, PERCENTAGE WITH SOME 


HOMOSEXUAL EXPERIENCE 
Whole 


samples 











Entire series College population 
A Total | With | Total | With Total | With 
8€ | adoles- | homo- | adoles- | homo- | adoles- | homo- 
SrouP! cent | sexual | cent sexual | cent sexual 
popula- | expe- | popula-| expe- | popula-| expe- 
tion | rience | tion rience tion rience 
% % % 
10 22 9.1 _ _- 7 14.3 
II 132 16.7 80 15.0 52 17.3 
12 445 16.6 273 16.1 161 19.3 
13 765 19.2 505 16.2 241 22.4 
14 909 23.6 675 19.7 236 22.5 
15 883 26.4 699 21.9 214 23.3 
16 857 29.1 710 24.5 209 24.4 
17 836 29.4 712 as.5 208 24.5 
18 805 30.7 709 26.9 205 25.8 
19 726 32.1 653 28.5 166 28.3 
20 627 32.7 565 29.2 III 28.8 
21 520 33.1 465 29.2 80 27.5 
22 375 33-9 328 29.3 
23 279 38.0 237 32.9 
24 208 40.8 175 35-4 
25 168 45.8 140 41.4 
26 139 46.0 113 41.6 
27 108 45.4 85 41.2 
28 85 49.5 65 46.2 
29 74 48.7 55 43.6 
30 61 49.2 
31 52 50.0 




















number of individuals in our series who were adoles- 
cent as they passed through each age group, up to the 
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The data given above are summarized in figure 1. 
It will be seen that the whole-sample curve closely; 
coincides with the curve for the college series from 
which the whole samples were largely derived. 

In brief, homosexuality is not the rare phenomenon 
which it is ordinarily considered to be, but a type of 
behavior which ultimately may involve as much ‘s 
half of the whole male population. Any hormonal or 
other explanation of the phenomenon must take this 
into account. Any use of so-called normals as controls, 
in the way in which Glass, Deuel and Wright used 
them in their measurements, should allow for the 
possibility that a quarter to a half of these ‘normals’ 
may in actuality have had homosexual experience at 
some time in their lives; and, as we shall show further 
along, it must similarly be recognized that there are 
very few ‘homosexuals’ who have not had at least 
some, and in many cases a great deal of heterosexual 
experience. 

It is true that many of the individuals in these 
tabulations have had only a very small amount of 
homosexual experience incidental to their other sex: 
ual activities, while others have had thousands of 
contacts and exclusively homosexual histories for 
long periods of their lives. The higher figures come, of 
course, from older, professional homosexuals who are 
making daily contacts, and who are regularly capable 
of repeated climax in a single 24-hour period. The 
literature constantly makes a sharp distinction be- 
tween incidental and exclusively homosexual experi- 
ence, between so-called ‘acquired, latent and con- 
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Fig. 1. ACCUMULATIVE CURVE OF INCIDENCE OF HOMOSEXUAL EXPERIENCE, 
At successive age groups in 1058 males. 


age at which the history was reported. The columns 
marked ““with homosexual experience” show the per- 
centage in each age group which has made homosex- 
ual contact at any time prior to the date of reporting. 


genital (constitutional) homosexuality,’ and between 
‘true inverts’ and ‘normals.’ But although we have 
more detailed data on a larger number of cases than 
are recorded in any of the published studies, we fail 
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to find any basis for recognizing discrete types of 
homosexual behavior. An analysis on any basis will 
show every type of intergradation between the ex- 
treme cases in our series. There are individuals who 
have had a lone and more or less accidental experi- 
ence; there are cases which have had as many as fif- 
teen or twenty thousand homosexual contacts (cases 
2777,'6341); but between these individuals there are 
cases which involve all points between one and 
twenty thousand. There are cases which have con- 
fined their homosexuality to a single male partner; in 
our series there are cases of single males (e.g. cases 
1439, 2777; 4340, 6341, 7434, 7527, 8360) who have 
contacted from 1,000 to 15,000 other males. There are 
cases which began in pre-adolescent sex play, and 
cases (0182, 5102, x8661) which did not begin until 
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single period of the history, there are cases where it 
has been discontinuous with breaks of anything up to 
34 years between the periods of participation. A 
popular opinion bases a classification on the technics 
involved in the physical relation, and makes a sharp 
distinction between the so-called active and passive 
partners in the relation. Many of the so-called “pas- 
sives’ regularly show that they can respond to homo- 
sexual stimulation by coming to climax in the relation. 
There are popular and even clinical concepts of phys- 
ical stigmata which are attached to the homosexual; 
and although there are some ‘homosexuals’ which 
show what are popularly considered to be ‘effeminate’ 
characteristics, there are others that are physically 
as robust and as athletically active as the most ‘mascu- 
line’ of men. There are, in short, intergradations be- 














































































































Estimated frequency | Percent- 
Case —__—_—_——_——| » age 
No. “8 | Homo- | Hetero- |” hae 

sexual sexual sexual 
O104 24 fo) 450 ) [ 5 
“ ss ’ cna : . HETEROSEXUAL J 
7099 19 30 1,000 3 =< 
2153 22 15 200 7 = ’ 
6246 24 30 266 10 = } 
2433 31 200 1,200 14 — — 
8306 22 2,400 10,000 19 a } 
7OOQ +25 150 600 20 EEE } 
9053 22 30 100 | 23 a a 
7031 34 800 2,250 | 26 EE —) 
0892 19 150 300 33 a 
0640 27 1,400 2,400 37 ea ee a } 
8817 26 350 475 43 ES J 
3367 26 150 150 50 ES a ] 
2463 21 200 200 50 AE] ne 
6983 33 200 150 7 eT — 5 
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3599 22 100 50 67 I 
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as 8 Les 1 88 re 
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Fig. 2. COMBINATIONS OF HETEROSEXUAL-HOMOSEXUAL EXPERIENCE. Showing every gradation between 
exclusively heterosexual and exclusively homosexual experience in a selected series of 30 males. 


after 30 or 40 years of age. We have cases where the 
homosexuality was confined to a small portion of the 
life span, a case (4340) where it has extended over 60 
years of the life span, and other cases which show it 
extending through periods of every intermediate 
length. The homosexual may be confined to early or 
late adolescence, or to the third, or the fourth, or per- 
haps later decade of life. There are cases in which the 
homosexual activity was continuous throughout a 


tween all of these types, whatever the items by which 
they are classified. 

In this paper, only a single instance of intergrada- 
tion can be presented in more detail. This involves 
the proportion in which the homosexual and the het- 
erosexual fit into the life of a single individual. For 
while there are individuals who are exclusively heter- 
osexual, or exclusively homosexual, there are many 
who carry on both types of activity, sometimes suc- 





428 ALFRED C. KINSEY 


cessively at different periods in their lives, more often 
simultaneously in a single period of the life span. This 
is illustrated by the series of 30 cases shown in figure 
2. The chart is based on the percentage frequency of 
orgasm (actual ejaculation) inspired by human social 
contacts (in distinction to such auto-sexual outlets as 
masturbation and nocturnal emissions). It includes 
cases in which the homosexual has provided only a 
small proportion of the outlet, cases in which the homo- 
sexual and heterosexual have contributed more or less 
equally to the picture, cases in which the homosexual 
has provided the whole of the socialized outlet, and 
every type of case between the extremes. It will be 
seen that one of the most actively homosexual cases 
in the series (case 2777) is a male with some 15,000 
male contacts, and a concurrent heterosexual element 
which includes intercourse an estimated four or five 
thousand times. 

The curves showing the frequencies in these vari- 
ous types of the heterosexual-homosexual balance are 
different for various age groups in our series. In gen- 
eral, cases in which the heterosexual-homosexual ratio 
is near 50:50 are more abundant in the earlier age 
groups; those in which the homosexual or hetero- 
sexual are more nearly exclusive are more frequent in 
the older groups. There is evidence that the transfor- 
mation to the more frequently exclusive pattern of 
the older individuals is partly the result of psychic 
conditioning, partly the result of social pressure 
which fixes the heterosexual by custom and by law, 
but which as effectively fixes the homosexual by 
ostracizing the individual who departs from the ac- 
cepted mores. We are particularly indebted to the 
Ramsey series of histories for the interesting material 
on the younger age groups. The detailed record back 
of these generalizations must be published elsewhere. 

It should be more generally understood that there 
are many cases of individuals who regularly include 
both the heterosexual and the homosexual among 
their activities in the course of any month, week, or 
day. We have cases (e.g. 2777, 4651, 6341, 8306) in 
which both types of contacts were successfully made 
in the course of a single hour. 

Finally, it must be realized that an exclusively 
homosexual or exclusively heterosexual pattern may 
be replaced at a later period in the life of a single in- 
dividual by more or less exclusive activity in the 
other direction. Of the first 108 individuals in our 
series who have had more than 100 homosexual con- 
tacts each, 55 (=51.%) have made distinctly success- 
ful heterosexual adjustments. There are two cases of 
males (cases 3063, 8360) who had had 15 and 17 years 
of almost exclusively homosexual experience, who at 
ages 30 and 28 (respectively) began practically ex- 
clusive heterosexual activities which involved inter- 
course 3 to 7 times per week. On the other hand, we 
have a few cases (e.g. males 7504, 8425, 9957, females 
0632, 2302, 4541, 6367) in which exclusively hetero- 
sexual activities were abandoned within a brief span 
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of time for more or less exclusively homosexual ac 
tivities. 

Throughout the case histories, the circumstances 
of the first sexual experience, psychic conditioning, 
and social pressures are obvious factors in determin 
ing the pattern of the behavior. It would appear tha 
no similar correlation has as yet been shown between 
hormones and homosexual activity. It is, of course, 
not impossible that endocrines are involved; but in 
order to demonstrate that, it would be necessary to 
show a correlative variation in hormones and behavicr 
which includes such gradations, combined patterns, 
and changes of pattern as have been described here. 


SUMMARY 


Glass, Deuel and Wright report androgen content 
and androgen-estrogen ratios in male homosexuals 
which are lower than those in a ‘normal’ control 
group. Their conclusions are invalidated by the small 
size of their series, by the great variation shown 
among the individuals in the series and in successive 
samples from single individuals, and by the con- 
tradictory results which were obtained by the two 
different technics of securing urine samples. 

Any hormonal or other explanation of the homo- 
sexual must allow for the fact that something between 
a quarter and a half of all males have demonstrated 
their capacity to respond to homosexual stimuli; that 
the picture is one of endless intergradation between 
every combination of homosexuality and _hetero- 
sexuality; that it is impossible to distinguish so-called 
acquired, latent, and congenital types; and that there 
is every gradation between so-called actives and pas- 
sives in a homosexual relation. 

Any hormonal or other explanation of the homo- 
sexual must allow for the fact that both homosexual 
and heterosexual activities may occur coincidentally 
in a single period in the life of a single individual; and 
that exclusive activities of any one type may be ex- 
changed, in the brief span of a few days or a few 
weeks, for an exclusive pattern of the other type, or 
into a combination pattern which embraces the two 
types. 

Any explanation of the homosexual must recognize 
that a large portion of the younger adolescents demon- 
strates the capacity to react to both homosexual and 
heterosexual stimuli; that there is a fair number of 
adults who show this same capacity; and that there 
is only a gradual development of the exclusively 
homosexual or exclusively heterosexual patterns 
which predominate among older adults. 


The Administration and the Dean of the Graduate School of 
Indiana University are responsible for a part of the financial sup- 
port of these studies. Glenn V. Ramsey, Boys Health Director 
in a high school at Peoria, Illinois, secured the very important 
series of histories which we have on the youngest age groups. 
Clyde E. Martin is responsible for the intelligent and careful 
handling of our files and for the extensive computations which 
have been involved in the analyses of the data. My wife, Clara 
McMillen Kinsey, has materially contributed to our interpreta- 
tions of the case histories and their objective treatment in this 
study. ; 
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HERMAPHRODISM 


those individuals who have gonads characteris- 
4. tic of both sexes, that is both male and female 
formed elements in either one or both gonads. The 
type of hermaphrodism seen in lower forms as a usual 
feature in reproduction does not occur in vertebrates, 
although non-functioning types are not infrequently 
reported for pigs and goats (2, 3) as well as man (4). 
Witschi (1) states “the true hermaphrodite is char- 
acterized by the co-existence of ovarian and testicular 
tissue... whether or not one requires the presence 
of spermatogonia for the recognition of testicular 
character is purely a matter of terminology.” No 
functional hermaphrodite has been described in man. 
The patient herein presented was referred to the 
endocrine division in 1938 at the age of 20. 


Te TERM, true hermaphrodism, is restricted to 


J.M. was an only child of a mother who had begun to 
menstruate at the age of 18 and who ceased menstruating 
at 37. During the first 4 months of the pregnancy she had 
been confined to bed because of backaches. Eleven years 
after the birth of this daughter, during an operation for 
appendicitis, no significant pelvic pathology was found. 

The external genitalia at birth consisted of an appar- 
ently normal vulva and protruding therefrom an organ re- 
sembling a penis about 212 cm. long. There was no ure- 
thral opening in this organ. She was reared as a female. Her 
early development was otherwise apparently normal. 

The patient experienced a doubtful, painless menstrual 
period at the age of 13 and a similar spotting at the age of 
15 lasting for one day. Until the age of 18, she had abdom- 
inal cramps and nausea each month without any vaginal 
bleeding. No female breast tissue development had ever 
been observed. 

As the patient grew older the peno-clitoris assumed the 
usual proportions of the male structure. She experienced 
pleasurable sensations on manipulation of this organ once 
weekly. She was, however, attracted toward males and 
had no sexual desire for females. 
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At the age of 17, the embarrassment of this peno- 
clitoris when undraped in the presence of other females, 
and the desire for a future marriage led her to seek medical 
advice. In August of 1935, the organ, which at that time 
presented a chordae adherent to the rudimentary labia 
minora, was removed. It originated at the upper angle of 
the vulva at the usual site of a penis or clitoris. Relaxed 
it measured 7 X2.5 X2 cm. and had a prepuce and well 
developed corona upon the glans. A blind ridge was 
found upon the dorsal surface. The organ contained cor- 
pora cavernosa and spongiosa but no urethra (fig. 1). The 
urethral opening was in the vestibule. The labia minora 
were normal, the vaginal orifice admitted two fingers and 
upon speculum examination revealed a dimple considered 
to be the external cervical os. 

Her psychology remained essentially female. She be- 
came quite intimate with a male friend over a period of a 
few months. She was strongly attracted to him and physi- 
cal contact gave her a general feeling of warmth and a 
pleasureable sensation. Her general health had been good. 
Some constipation was present. She also had an indefinite 
pain, often cramp-like in nature, in the right flank and 
lower abdomen radiating to the opposite side. 

Physical examination. The patient was tall and thin, 
somewhat apprehensive and spoke in a low pitched voice. 
Physical measurements were: height, 66 in.; span, 6734 
in.; lower measurement, 3234 in. Pulse was 84 per minute, 
blood pressure, 122/90. Her weight was 110 lb. 

Her intelligence appeared to be somewhat below nor- 
mal. Her skin was coarse and dry, the face long, thin and 
bony. The narrow pointed chin had three fine fat folds 
below it. The nose was long. Slight hairiness was present 
on the upper lip. Many teeth were missing. The neck was 
long. The thyroid was palpably enlarged and slightly 
nodular. The shoulders and body configuration were mas- 
culine. The breasts displayed no glandular development; 
the areola and nipples were male in type. The abdomen 
was thin. Sparse, thick, heavy, long hairs were present 
over the pubic line. The extremities were long and thin 
with hair upon them. The external genitalia have been 
described. 

Laboratory data (12/7/38). Blood chemical tests re- 
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Fig. 1. PENOCLITORIS REMOVED AT AGE OF 
17 YEARS, AUGUST, 1935. 


sulted in the following: sugar, 115 mg. %; urea, 14.1 
mg. %; cholesterol, 178 mg. %; chloride, 357 mg. %}3 
potassium, 16.4 mg. %;calcium, 10.5 mg. %; phosphorus, 
2.6 mg. %; phosphatase, 6.1 Bodansky units. 

Sugar tolerance test result (1/5/39) was as follows: 


8:30 103 mg. % fasting 
9:30 165 mg. % 1 hour 
10:30 123 mg. % 2 hours 
11:30 101 mg. % 3 hours 


The basal metabolic rate on 12/14/38 was 3% below 
normal. The urinary hormone excretion! on 12/8/38 was: 
prolan, +; no estrin found by a modified Kurzrok technic; 
androgens, 6 capon units (in 72 hours). 

Vaginal px and vaginal smear were as follows: 


/ / 


12/16/38 12/23 12/30 1/6/39! 4/3 4/10 
Vaginal 


5/15 7/17 


"7.5 8. 8. 8. 8 8 5 4 


Vaginal 
I oe OM a OR so 


smears + ° ° 


X-ray examination revealed an android type of pelvis 
with calcified shadows in the region of the ovaries. 

Because of the general clinical picture and the presence 
of the calcified areas in the pelvis, exploratory laparotomy 
was advised. An infantile uterus measuring 3 X3.5 X2 
cm. lay in the midpelvis. Small but proportionately normal 


1 Assay methods. Prolan A, B. A morning specimen of urine is 
filtered and made acid in reaction with a few drops of acetic acid. 
A 47 cc. portion is mixed with 188 cc. of 95% alcohol, shaken for 
10 minutes and allowed to stand 2 hours or longer. The precipi- 
tate, collected by centrifugation is washed with 20 cc. of ether 
(to remove toxins and estrogens), then dried and suspended in 7 
cc. of water. After centrifuging, the water extract is injected into 
immature female mice, 6-8 gm. in weight. Two mice are given 
0.12 cc. twice daily for 3 days, and 2 mice are given 0.25 cc. twice 
daily for 3 days. The ovaries of the mice are examined 96 to 100 
hours after the first injection. 


Estrogen. A 500 cc. portion of a 24-hour specimen, made to 


Pu 1.2-1.5 with HCI, is extracted twice with 300 cc. of petroleum 
ether. The combined ether fractions are evaporated and the resi- 
due dissolved in 7 cc. of sesame oil. Three ovariectomized rats 
(175 gm. weight) are injected with 0.12, 0.25 and 0.5 cc., respec- 
tively, twice daily for 2 days. Vaginal smears are examined on the 
third and fourth days. The smallest amount giving a cornification 
reaction is I R.U. 

2 Courtesy of Dr. Darby, Presbyterian Hospital. 

3 Vaginal smear expressed in terms of cornification. 

4 Operation 1/11/39, the last 4 determinations followed large 
doses of estrogenic substance. 
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appearing tubes and pelvic ligaments were seen. The 
gonads lay in proper relationship to the fimbriated ends 
of the tubes. The right gonad was against the lateral 
pelvic wall and measured 3.5 X2.5 X1.5 cm. It was irregu- 
lar in shape, gray white in color and gave the appeararice 
of being atretic with only slight depressions on the sutr- 
face. At the lower end of the gonad, on section, was a cir- 
cumscribed gray white nodule 1.5 cm. in diameter; this 
contained calcified areas. The left gonad was in the pelvis 
and measured 4 X2.5 X2cm.and was similar to the right. 
Wedge shaped sections were taken throughout the length 
of each ovary. These exhibited three types of tissue as 
follows. 


1. Dense hyalinized ovarian stroma containing many calcium 
deposits arranged in such a fashion as to suggest calcification of 
primordial follicles. A few poorly defined bony trabeculae were 
seen. No follicular elements or germinal epithelium was noted. A 
few fibrotic areas were suggestive of corpora albicantiae. 

2. Adrenal cortical-like tissue whose cells showed marked varia 
tion in size and staining qualities. 

3. Apparent testicular tissue. 


Because of the presence of intermixed gonadal tissue, 
and because the patient was psychologically a female, and 
thirdly because of the possibility of a malignant change 
in the adrenal cortical areas, removal of both gonads and 
subsequent administration of estrogens was advised. 

After removal, both gonads revealed a similar picture. 
An occasional area of hyalinized fibrotic tissue suggesting 
the form of corpora albicantiae were seen. In other areas 
cords and strands of large mononuclear cells with vesicu 
lar nuclei and scant cytoplasm resembling the suprarenal 
cortical tissue were noted. In another section of each 
gonad, tubules lined by columnar cells were found, heaped 
up and occasionally embedded in a loose hyalinizing con 
nective tissue stroma. These resembled seminiferous tubu- 
lar tissue. Interstitial cells were numerous (fig. 2-5). The 
pathological picture was that of gonads containing testicu 
lar tissue, suprarenal-like tissue with zones of potential 
malignancy and ovarian tissue with areas of degeneration. 
No definite follicular elements were seen. 

Following the removal of the gonads estrogens were 
administered, the patient receiving about one and one 
half million 1.u. in the ensuing 8 months. Dosage was ad- 
ministered by hypodermic, by mouth and by inunction to 
the breast. She gained weight, became generally rounded 
out and for the first time developed female breasts. Her 
voice became higher pitched and the actions more decid- 
edly feminine. She expressed a desire to bear children after 
an uncontemplated marriage. The vaginal smear and px 
became normal. At the present time, 21 months a‘ter 
operation she is receiving estrogens by inunction only 
and is maintaining her breasts and feminine demeanot 


DISCUSSION 


We have presented an individual having male end 
female formed elements in both gonads, bilateral 
ovotestes. The secondary expressions, first noted at 
birth, were characteristic of both sexes; viz. the pei:o- 
clitoris, the masculine structure, the deeper voice, 
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Fig. 2. GoNAD SECTION AT BOUNDARY OF OVARIAN AND TESTICULAR PORTION. X50. Fig. 3. GoNAD. OVARIAN 
STROMA WITH CALCIFICATION SUGGESTING DEGENERATED PRIMORDIAL FOLLICLES. This calcification was profuse in 
the ovarian portion of the gland. X 100. Fig. 4. Gonap. Testicutar Tissug. Tubules lined by heaped up columnar 
cells. Interstitial cells are numerous. X 125. Fig. 5. Gonap. SUPRARFNAL CORTICAL-LIKE TISSUE, cords and strands 


of large mononuclear cells. 160. 


and absence of breasts, together with labiae, a vagina, 
uterus, tubes and a female psychology. 

A controversial point, we believe may arise in the 
histology of the gonad. Both Marine and Helpern to 
whom sections were submitted concur in the opinion 
that the tubular elements represent seminiferous 
tubules. Gudernatsch (5) raised the question, previ- 
ously present in our minds, of terming the tissue 
ovarian in the absence of definite germinal epithelium. 
We, however, consider the presence of corpora 
albicantiae indicative of previously active follicular 
tissue. Furthermore the arrangement of the calcium 
Ceposits in the ovarian stroma is suggestive of calci- 
fied degenerated primordial follicles. It is of further 
interest that this calcium had sufficient mass to cast 
significant radiographic shadows. The ossification oc- 
curred secondarily. We feel that the adreno-cortical 
tissue is an embryonal remnant. Its bilateral location 
in the sex organs indicates that the disturbance was 
not primarily zygotic. We assume that an autosomal 
derangement of the embryonal tissue took place, akin 
to other congenital anomalies. Since this adrenal tissue 
in embryonal life is part of the mesodermal blastema 
and has a masculinizing influence, it is conceivable 


that its action upon the undifferentiated gonad con- 
verted a genetic female into an intersex. 

The chemistry of the androgens and estrogens in 
hermaphrodites has been incompletely studied. We 
found prolan but no estrin in the urine. Six capon 
units of androgens were found in a 72-hour specimen 
of her urine. These findings indicate a hypoactivity 
of the gonads and consequent increase in the usually 
suppressed prolan. 

The procedure in our case was determined by the 
psychological, sociological and histological aspects. 
Despite her masculine appearance and bony structure, 
the patient had been reared as a girl. She had all the 
interests and desires of a female. She was attracted 
toward the male sex and had hopes of becoming a 
wife and mother. The failure of breast development, 
the enlarged clitoris and the amenorrhea were only 
sources of embarrassment to her. The fact that she 
might be a male was farthest from her thoughts. 
Accentuating her male characteristics must surely 
have precipitated a severe emotional upheaval. The 
histological findings of testicular tissue, apparently 
inert ovarian tissue and a possibly malignant adrenal 
cortical tissue guided us in our decision to castrate 
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the patient and then administer estrogens to develop 
the latent female characteristics. 


SUMMARY 


A case of human hermaphrodism is presented. 

Both gonads contained (a) fibrotic, calcified and 
ossified ovarian stroma in which occasional corpora 
albicantiae were seen; (b) seminiferous tubules and 
(c) adreno-cortical tissue exhibiting signs of cellular 
overactivity. The suprarenal tissue was probably 
embryonal and may have been the determining factor 
in the hermaphrodism. 

The treatment consisted of castration followed by 
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the administration of estrogens, intramuscularly, per- 
orally and percutaneously over the breasts. The 
breasts, body contour and demeanor developed a 
more feminine character. The psychic response 
prompted the discontinuance of this feminizing pro- 
gram. 
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SEX HORMONE 
EXCRETION 


output of normal women hardly needs to be 

emphasized. To the clinician attempting to 
diagnose abnormalities of sexual functions on this 
basis, the establishment of normal values is essential. 
Insofar as this approach may contribute to our knowl- 
edge of reproductive physiology, especially to the 
much-debated question of the time of ovulation, it is 
of practical concern to many. No doubt other meth- 
ods, uterine motility tests, biopsies and laparotomy 
findings will provide needed information; neverthe- 
less, the method of urine assays is a promising one. 
The three types of hormones primarily involved, 
gonadotropin, estrogens and progestin (as pregnan- 
diol), are excreted in the urine and their concentra- 
tions may be followed. Further, long-time studies on 
the same subject are possible only by this method. 

As is true in so many studies of this sort, the es- 
tablishment of the ‘normal’ presents difficulties. The 
fact of individual variation in all functions, plus the 
admitted complexity of the female reproductive cycle 
would justify the prediction that variation within 
normal limits would be frequent. Work done so far 
supports this preconception. It appears, therefore, 
that before definite statements concerning ‘normal’ 
hormone levels may be made and conclusions based 
on this information be reached a great deal of data 
must first be accumulated. Studies of this sort are 
tedious and the gathering of data will necessarily be 
slow. This paper is presented merely as a contribution 
to this slowly accumulating store of knowledge. 

The subject concerned in this study, Mrs. L. W., 
age 39, we presume to consider normal on the basis 
of the following criteria. 

1. She is a married women of demonstrated fer- 
tility (being the mother of three children) in whom 
pregnancy occurred without undue lapse of time. All 
births were normal. 

2. Her menstrual history is normal. The age at 
onset was 15 years, the periods were regular, the 


T= IMPORTANCE of determining the hormonal 
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THE SEX CYCLE OF 
A NORMAL WOMAN! 


Frep E. D’Amour, M.D., 
AND LILLIAN Woops 


From the Biologic Research 
Laboratory, University of 
Denver, Denver, Colorado 


average length of 81 cycles over a period of 6 years, 
1933-1938 inclusive, being 26.6 days (minimum 23, 
maximum 32 days) the duration of flow is 4 to 5 days, 
in moderate amounts, the periods are painless. 

3. Her physical history is normal. Childhood dis- 
eases which she had are whooping cough, scarlet fever 
and measles. As an adult she had pneumonia follow- 
ing influenza, and two operations, tonsillectomy and 
repair after childbirth. 


EXPERIMENTAL 


Hormonal assays. The daily output of gonadotropic 
hormone was determined during 18 consecutive men- 
strual cycles and the daily output of estrogen during 
the last 9 was determined. Details of the procedure 
will be published elsewhere. For the first 9 cycles the 
results are shown in figure 1, for the last 9 in figure 2. 
Vaginal temperature readings were made each morn- 
ing just before arising; these results are also included 
in figure 2. 

Figure 2 includes 3 elements, the gonadotropic 
hormone output (upper line), the estrogen output 
(middle line), and the daily vaginal temperatures 
(lower line), for the same 9 cycles. “M” represents 
menstruation. The upper solid line indicates the aver- 
age rat uterine weight, in milligrams, with doses of 
3-hour urinary excretion. Where positive reactions 
occurred, a dotted line immediately below shows the 
uterine response to half the dose, i.e., with 14-hour 
excretion. The middle solid line gives the percentage 
response (vaginal cornification in adult castrate fe- 
males), of estrogen in doses of 1-hour urinary excretion 
per rat. Again the dotted line immediately below 
shows the response on half the dose, i. e., 44-hour 
excretion. The third line represents the vaginal tem- 
perature. 

Reaction time and association time tests. Daily tests 
of the reaction time (50 responses to visual stimuli) 
and the association time (50 words from the Kent- 
Rosanoff tables) were carried out. We hoped, in spite 
of the many extraneous factors which would affect 
such testing, to find a variation consistent with the 
endocrine rhythm or with menstruation. This hope 
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was not realized. Either outside influences are too 
strong or the endocrine fluctuations are not mirrored 
in the neuromuscular and association systems. 

Personal observations. A careful daily record was 
kept of subjective experiences. These observations 
may be briefly summarized. No ‘mittelschmerz’ was 
ever noted. No correlation between positive hor- 
monal responses and coitus could be found. Sexual 
desire was strong during the mid-cycle but equally 
strong just after menstruation, when positive re- 
actions seldom occurred. -A head-ache centering on 
the right side of the riose and the right eye frequently 

ccurred just preceding or following a positive 
gonadotropic reaction but was noted occasionally at 
other times as well. All in all, in spite of intelligent 
introspective observation, nothing in the physical 
condition, mental state or sexual life could with any 
assurance be associated with the endocrine rhythm 
as registered in the urinary assays. 

Experience with estrogen administration. Although 
estrogens are widely used in the treatment of dis- 
orders associated with the menopause, and some- 
times intermittently in menstrual disturbances, little 
information is available concerning possible effects of 
long-time estrogen administration on the normal 
cycle. Because her normal hormone output and men- 
strual history had already been well established this 
subject appeared an ideal one for such a study. 
The estrogen chosen was estradiol, which was ad- 
ministered percutaneously (being applied to the skin 
of the face and neck once daily, upon retiring) in a 
dose of 0.04 mg. daily. Administration was begun 
September 16, 1938, this being the beginning of the 
5th cycle in figure 2. 

No objective findings were noted during the first 
2 cycles. On the 14th day of the third cycle, however, 
the excretion of a blood-stained, mucous discharge 
began. The amount of discharge was sufficiently great 
to require the use of pads. This discharge continued 
uninterruptedly for 17 consecutive days. There were, 
however, variations in amount. After 3 days of this 
discharge (on the 17th day of the cycle), the flow 
became more profuse, resembling that of a typical 
menstruation. At this time the administration of the 
estrogen was discontinued. This period of profuse 
flow lasted 3 days and then subsided, but the bloody, 
mucous discharge continued. After 6 more days of 
this (on the 26th day of the cycle) the flow became 
extremely profuse, much greater than the subject had 
ever previously experienced. Many large blood clots 
were expelled. This occurred at the time when normal 
menstruation might have been expected. The follow- 
ing cycle showed lesser abnormalities. On the 11th 
day there was again a red, mucous discharge which 
lasted 2 days and on the 21st day the same type of 
discharge was noted, continuing in this case for 5 
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days, at which time menstruation began. Nothing of 
the sort has occurred since, menstruation having been 
normal for the ensuing two years. This eliminates any 
possibility of menopausal onset as responsible for the 
occurrence. 

A slight dyskeratosis on the subject’s neck which 
had been present for years but had shown no previous 
tendency to grow, began to grow rapidly following 
the administration of estrogen. It was diagnosed on 
June 9, 1939, as an epithelioma by a leading derma- 
tologist and removed by him. It must be remembered 
that the estrogen was rubbed into the skin of this 
region nightly for 2 months. 


DISCUSSION 


Several interesting points appear in the factual 
data. If the appearance of a strongly positive gonado 
tropic reaction indicates ovulation (this is, of course, 
not proved, either for this or any other indirect test’, 
then this phenomenon occurred more than once in 
several cycles. As regards estrogen the occurrence of 
2 peaks, noted in the thorough work of Gustavson 
et al. (1) and others, was generally confirmed. 

A most significant point, we believe, concerns the 
estrogen-gonadotropic hormone relationship. Almos 
invariably it was found that the estrogen excretion 
starts upward from 1 to several days before th 
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gonadotropic peak occurs. We venture the suggestion 
that this primary estrogen output stimulates the hy- 
pophysis to liberate gonadotropic hormone and thus 
brings about ovulation. The question of estrogenic 
action on the hypophysis is a debated one, but some 
opinion tends to the view that the primary effect is a 
stimulating one, although long-continued adminis- 
tration results in inhibition. The second estrogen 
wave may or may not be followed by a gonadotropic 
peak. If one assumed that the first peak resulted in 
ovulation, progestin secreted by the resultant corpus 
luteum must be reckoned with. Progestin is believed 
to inhibit the estrous cycle and ovulation (2) and it is 
therefore possible that it may have an antagonistic 
eflect upon the estrogen produced during the second 
wave, preventing it from stimulating a further release 
of gonadotropic hormone. In those cycles in which a 
second gonadotropic peak occurs it may be that an 
insufficient amount of progestin had been produced 
to completely arrest the action of estrogen. This em- 
phasizes the importance of simultaneous progestin 
(pregnandiol) determinations and also underscores 
again the central theme of this paper, namely, that 
the human reproductive cycle is an extremely complex 
thing réquiring much further work before conclusions 
are possible. 

There are, unfortunately, several gaps in the body 
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temperature data. In general, it appears that the 
average temperature was low during the first half of 
the cycle and higher during the second. No sharp 
break at the time of presumed ovulation was noted. 


SUMMARY 


Studies of estrogen and gonadotropic hormone ex- 
cretion, body temperature determinations, tests of 
nervous system function and subjective findings, in 
a normal woman, are herewith reported. 

More than one gonadotropic hormone peak oc- 
curred in a number of cycles. Estrogen excretion oc- 
curred in 2 waves, usually preceding the gonadotropic 
peaks. A theory of the control of ovulation is sug- 
gested on this basis. Vaginal temperature findings 
were inconclusive. Reaction and association time 
fluctuations could not be correlated with hormone 
fluctuations. Nothing in the sex life of the subject, 
nor in her physical or mental state could be correlated 
with hormone findings. The effects of estrogen ad- 
ministration are described. 
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HYPOPITUITARISM 


the advancement of knowledge of certain 
problems in clinical medicine is well illustrated 
by the remarkable progress in the field of endocrine 
medicine during recent years. For example, pituitary 
tumors have been recognized pathologically since the 
time of Morgagni (1), and their clinical symptoms 
were anticipated as early as 1850 by Orr (2), Aber- 
crombie (3), Zenker (4) and others, but the first evi- 
dence of the far-reaching influence of the pituitary 
gland awaited the early experiments of the late 
Harvey Cushing (5). These important contributions 
presaged the first description of the clinical syndrome 
of pituitary deficiency by Simmonds (6) in 1914. 
This symptom complex coincides in every detail 
_ with the changes observed in laboratory animals fol- 
lowing extirpation of the anterior hypophysis. As a 
rule the symptoms of pituitary failure as observed 
clinically develop insidiously, but in profound 
shock such as is encountered during post-partum 
hemorrhage, acute hypophyseal necrosis has been 
demonstrated (7). Many of the symptoms observed 
can be traced directly to hypofunction of subsidiary 
glands: a), gonadal failure with atrophy, loss of 
libido, amenorrhea, and menopausal complex, b), 
secondary hypothyroidism; and c), hypoadrenia with 
low blood pressure, disturbances in electrolyte bal- 
ance and in the metabolism of glucose. To these we 
must add d), a group of related symptoms such as 
weakness, loss of weight, and changes in the integu- 
ment—symptoms which are probably related to 
dysfunction of all units in the endocrine system. It 
would seem that anorexia and cachexia have been 
overemphasized as symptoms of pituitary deficiency, 
for it is apparent both clinically and from laboratory 
studies that neither symptom may ever appear in a 
large number of cases. 


T: VITAL ROLE Of physiologic fundamentals in 
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SIMMONDS’ DISEASE ASSOCIATED 


M. A. Foster, M.D.,! anp 
J. C. McCarter, M.D. 


From the Departments of Neurol- 
ogy and Pathology, the University 
of Wisconsin, Madison, Wisconsin 


Although Simmonds’ disease was immediately 
recognized as a clinical entity, few cases were diag- 
nosed until the more important features of pituitary 
physiology were clearly demonstrated (8). Since that 
time several hundred cases have been reported under 
this title, but the tendency to include functional 
pituitary disorders (9, 10, 11) in this group has led 
discriminating clinicians to segregate those cases 
with proved pituitary lesions (19, 13). This has pro- 
moted a better understanding of the incidence of 
these cases, and has tended to support Berblinger’s, 
observations (12) concerning the rarity of this disease. 
(Berblinger sectioned more than 10,000 pituitary 
glands obtained at routine necropsy before a typical 
fibrotic lesion was found.) 

Recent summaries of the literature (13) indicate 
that there were approximately 70 verified cases of this 
disorder reported by April, 1938. Since that time 16 
additional verified cases have been reported (atrophy 
and necrosis, 6 cases (7, 14-17) cystic tumors, 9 cases 
(18-22); syphilis?, 1 case, (23). The largest single 
group of confirmed cases yet reported was presented 
recently by Stephens (18) who also described for the 
first time the series of symptoms developing in man 
subsequent to destruction of the hypophysis. 

The case here reported emphasizes three interesting 
aspects of pituitary physiology: further evidence in 
dicating a profound insufficiency of adrenal function 
as an etiologic factor in the more vital disturbances of 
pituitary deficiency states; the functional role of the 
chromophobe adenoma as determined by assay 
methods; and the possible relation of the pituitary to 
hemopoiesis. 


CASE REPORT 


A white man, aged 62 years, first came under observa 
tion in August, 1938. A chronologic survey of his symp 
toms reveals that approximately 20 years (1918) previously 
he had first complained of headaches. These were inter’ 
mittent and were localized to bifrontal and bitemporal 
areas. They did not incapacitate the patient, but later 
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became associated with weakness, increased fatigability 
and paresthesias involving the lower extremities. There 
was a gradual progression in these complaints until 1930 
when a series of gastrointestinal symptoms supervened. 
These were characterized by anorexia and attacks of 
vomiting which were followed by profound prostration 
and weakness of such a degree that the patient “could not 
speak above a whisper.” These episodes occurred about 
every 6 months and required several weeks’ rest in bed for 
recovery. Investigations by various physicians and clinics 
demonstrated moderate normochromic anemia (4,000,000 
orythrocytes per cu. mm. of blood) associated with achlor- 
hydria. There was symptomatic improvement after ad- 
ministration of liver capsules and hydrochloric acid. 

In 1932 the gastrointestinal symptoms returned and 
cholecystectomy was performed. It was followed by 
alarming prostration, weakness and prolonged convales- 
cence. Shortly afterward hot flushes, occurring 4 to 5 
times daily developed; the patient became emotionally 
unstable; there was a gradual loss of hair over the face, 
ixillae and pubis; and finally there was total impotence. 
At about the same time there were transient attacks of 
polydipsia and polyuria. The anemia persisted at about 
the same level. Various urologic studies were made but 
no diagnosis was established until 1937 when a thorough 
study revealed normochromic anemia (erythrocyte count 
3,700,000), achlorhydria and reduced vibratory sensation 
for the lower extremities. When liver therapy was ad- 
ministered there was some improvement in the patient's 
general condition until August, 1938, when he was ad- 
mitted to the Neurological Service because of paranoid 
ideas with reference to his wife, who was 60 years of age. 
These ideas apparently dated from the onset of impo- 
tence, and shortly before admission the patient attempted 
to strangle his wife. 

Other symptoms included dyspnea on moderate exer- 
tion, palpitation and precordial pain with overexertion 
or overeating, and severe cramps of the lower extremities 
at night. During the past 15 years the patient's weight had 
gradually declined from 160 Ib. (72.6 kg.) to approxi 
mately 115 lb. (52.2 kg.). 

On physical examination there was a peculiar translu- 
cent pallor that was out of all proportion to the moderate 
anemia previously observed. The voice was high pitched 
and definitely feminine in character. There was no hair 
over the face, axillae or pubic region. The eyebrows were 
thin and the hair on the scalp was fine and silky. Other 
pertinent findings included gross defects in the field of 
vision involving bilaterally the superior and temporal 
quadrants. The retinal as well as other peripheral vessels 
showed moderate sclerosis. There was moderate bilateral 
impairment of hearing not associated with involvement of 
the middle ear. The marginal papillae of the tongue were 
thinned out and atrophic. There was no definite baldness. 
Examination of the chest revealed moderate senile emphy- 
sema, but the chest was otherwise normal. The blood pres- 
sure was 130 mm. of mercury systolic and 80 mm. diastolic. 
The genitalia showed complete atrophy, the testes being 
soft and doughy and measuring 23 X11 X8 mm. The pros- 
tate gland, which had been described as being enlarged in 
1934, was very small. The results of neurologic examina- 
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tion were essentially negative except for the visual field 
defect and slight reduction in vibratory sensation for the 
lower extremities. 

The laboratory findings in this case included a concen- 
tration of hemoglobin of 9.5 gm. in 100 cc. of blood, ery- 
throcyte count of 3,500,000, and total leucocyte count of 
8,600 with 37% neutrophils, 56% lymphocytes, 2% 
monocytes and 5% eosinophils. The reticulocyte count 
was 0.6%, platelets numbered 230,000 per cu. mm. of 
blood, bleeding and coagulation findings were normal and 
clot retraction was normal. The individual cell volume 
was 97.3, cubic microns and volume index 1.01. The results 
of urinalysis were normal except for occasional pyuria. 
Fasting blood sugar levels ranged from 58 to 84 mg. in 
100 cc. of blood, and non-protein nitrogen from 27 to 
34 mg. in 100 cc. of serum. Serum protein levels ranged 
from 4.4 to 5.0 gm. in 100 cc. with the albumin-globulin ratio 
approximating 1.7 to 1. The serum calcium was 10.0 mg. 
in 100 cc. and phosphorus was 3.5 to 4.5 mg. The choles- 
terol level varied from 115 to 175 mg. in 100 cc. of plasma. 
A single determination of uric-acid level for whole blood 
was 2.65 mg. in roo cc. The 24-hour excretion of creatin- 
ine approximated 1.637 gm. (preformed creatinine 0.8 gm., 
creatinine 0.837 gm.), while the excretion of creatine was 
0.430 gm. The B.M.R. on admission was — 20%. Gastric 
aspiration in another clinic demonstrated achlorhydria in 
1920, 1929 and 1934. This persisted throughout our period 
of observation. 

Oral and intravenous glucose tolerance curves suggested 
an impairment in the absorptive mechanism of the bowel 
as shown by a flat oral tolerance curve. The blood sugar 
level after oral administration of 50 gm. of glucose was 
rarely higher than 90 mg., and intravenous tolerance 
curves were entirely normal. The chloride excretion test 
as described by Wilder and others (24) for detecting 
impaired function of the adrenal cortex showed a range 
in excretion level of sodium chloride from 157 mg. per 
100 cc. to 300 mg. per 100 cc. of urine during the first 
24-hour period. The final 4-hour specimen showed a range 
of 233 mg. to 367 mg. per 100 cc. of urine. Ophthalmologic 
examination confirmed the bitemporal quadrant defect in 
the field of vision. Stereoscopic roentgenograms of the 
skull demonstrated a round intrasellar mass about 3 cm. 
in diameter which had eroded the clinoid processes, and 
inferiorly had obliterated the sphenoid sinus. Roentgeno- 
grams of the chest and gastrointestinal tract were normal. 

The first treatment was irradiation through bitemporal 
and glabellar fields in a dose of 150 r. (1.35 mm.) for 6 daily 
exposures during the first week in September, 1938. This 
did not result in improvement of the patients symptoms 
and there was a progression in the visual field defect. 

Since the patient's general condition was too poor for 
any surgical procedure, an attempt was made to evaluate 
various forms of substitutional therapy. A basic diet 
which was high in carbohydrate and vitamins was sup- 
plemented by parenteral administration of thiamin chlor- 
ide (50 mg. daily), hard candy at the bedside and other 
measures as indicated. A growth hormone mixture? was 
first injected subcutaneously in a dose of 2 cc. (80 growth 
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units) daily. Within 5 days there was marked improve- 
ment in vigor, general strength and degree of activity. The 
patient began taking hikes in the afternoon. His B.M.R. 
rose from —20% to +9%. This response was relatively 
brief, however, and after 2 weeks the B.M.R. was — 18%. 
After one month the supply of the pituitary extract was 
exhausted and other material? (dose 4 to 8 cc., 40 to 80u, 
daily) substituted. There was no significant change, how- 
ever, and after 3 weeks, administration of the original 
pituitary extract was resumed. In spite of higher doses 
the B.M.R. remained at levels ranging from —22% to 
—26%. The weakness, sensitivity to cold and other 
symptoms progressed gradually so that by December, 
1938, the patient was bedridden most of the time. 

As previously mentioned, there was an abnormal in- 
crease in the elimination of chlorides in the form of sodium 
chloride in response to Cutler’s test for adrenal insufh- 
ciency. The first chloride excretion test showed a level of 
157 mg. of sodium chloride per 100 cc. of urine for the 
24-hour specimen while the 4-hour specimen contained 
233 mg. of sodium chloride per 100 cc. It was felt that 
these figures were of considerable significance, more be- 
cause of the increasing elimination than because of the 
level attained, for this is in direct contrast to the curve for 
the normal individual. This test was performed 3 days 
after administration of cortin had been discontinued, but 
in order to eliminate this influence completely a second 
test was performed 3 weeks later resulting in chloride 
levels of 300 mg. and 367 mg. respectively per 100 cc. of 
urine. Although this was presumptive evidence that cor- 
tin had been responsible for the lower level of the first 
test, a third test gave values of 331 mg. and 335 mg. re- 
spectively during the course of cortin therapy (1 cc. twice 
daily). This response was probably due to the low dose 
employed. 

On the basis of these findings a high salt intake with 
1 cc. of cortin twice a day and 1 cc. of a pituitary extract 
twice a day was prescribed. This regimen was probably 
the most satisfactory from the standpoint of symptomatic 
improvement, but even this schedule failed to maintain 
the patient’s general strength at a level commensurate 
with general activity. He continued to decline gradually 
with intermittent attacks of nausea and vomiting, weak- 
ness, prostration, anorexia and angina pectoris. In Janu- 
ary, 1939, there was recession of the gingival margins to 
such an extent that his teeth began falling out. His para- 
noid ideas finally included not only his wife, but the 
family, hospital staff and attendants. 

During the period of observation an effort was made to 
overcome the gonadal insufficiency by administration of a 
combination of gonadotropic preparations designed to 
stimulate testicular enlargement and secretory activity 
(pituitary gonadotropin‘ 1 cc., 20 R.U., plus 0.1 cc. of 
chorionic gonadotropin,® 10 R.u.). This combination was 
injected twice daily for 10 days. On the eighth day the 
patient demanded to know the nature of the injections 
because he had experienced erections for the first time in 
5 years. When the treatment was explained, he requested 
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that it be discontinued. The testes at this time measured 
35 X22 X10 mm. and were normal in consistency. Within 
10 days after cessation of the injections the testes were 
scarcely palpable as a soft doughy mass about 20 X12 X5 
mm. Unfortunately biopsy material could not be obtained. 

Although numerous blood counts were taken, the level 
of hemoglobin remained about 10 gm. per 100 cc. with the 
erythrocyte count approximately 3,700,000 in spite of 
various therapeutic measures. No definite reticulocyte 
response could be obtained with liver extract, iron, vita- 
min B,, desiccated pituitary powder administered orally, 
and other measures. However, within 2 months after 
treatment was discontinued the hemoglobin level was 8.6 
gm. and the erythrocyte count was 2,880,000. With the 
progressive reduction in hemoglobin and erythrocyte 
count to a level of 3.6 gm. and 1,300,000 cells, respectively, 
shortly before death; there were frequent attacks of an- 
gina pectoris, hypotension (80/50 to 90/60), intermittent 
episodes of stupor, progressive reduction in visual fields 
and finally death on July 26, 1939. 

Necropsy was performed 2 hours after death. The im- 
portant positive findings included the following. 

The body of a fairly well-developed, poorly nourished 
elderly white man showed a peculiar waxlike pallor of the 
skin and practically complete absence of pubic and axillary 
hair. The serous cavities all contained some excess of clear 
fluid. 

There was general atrophy of the organs, the following 
weights being recorded: heart 230 gm., spleen 115 gm., liver 
gio gm., right kidney 84 gm., left kidney 95 gm. Although 
weights were not recorded, the adrenals, pancreas, pros- 
tate, testes and thyroid were considerably less than nor- 
mal size and grossly were definitely atrophic. These find- 
ings were confirmed in each instance by microscopic ex- 
amination. 

A moderate degree of arteriosclerosis was seen in the 
aorta and some of its main branches, with consequent 
changes most evident in the scarred kidneys, atrophy and 
lipomatosis in the pancreas, and atheromatous ulcers in 
the abdominal aorta. 

Cholecystectomy had been performed previously. Bilat- 


"eral, partially calcified apical scars were seen in the lungs. 


The examination of the brain revealed moderate changes 
associated with mild arteriosclerosis, confirmed by the 
microscopic examination. 

The sella turcica was enlarged smoothly and eroded by 
an hypophyseal adenoma which measured 32 X30 X26 
mm. This was encapsulated, and on section the tissue mak- 
ing it up bulged above the capsule and was fairly gelati- 
nous and uniform. This tissue was reddish-brown, and 
there were thin white streaks of stroma through it, giving 
an irregular lobulation (fig. 1a). 

Microscopic examination of the tumor revealed it to be 
made up of small cells with scanty chromophobe cyto- 
plasm and oval vesicular nuclei. No mitotic figures were 
seen. The cells grew in comparatively large solid alveoli, 
which became linear in places. The stroma carried a copi- 
ous blood supply, which in places opened out into broad 
blood lacunae (fig. tb). At the border of this chromophobe 
adenoma of the hypophysis there was a thin layer of more 
normal anterior lobe tissue, which was compressed by the 
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Fig. 1. (a) Gross sEcTION OF THE TUMOR, showing the dark por- 
tions which were reddish-brown and surrounded by the white 
strands of stroma cells. (b) A HIGH POWER MAGNIFICATION OF 
THE THIN STRAND OF NORMAL ANTERIOR LOBE TISSUE taken from 
the square in (c). Note also the fairly large alveoli which are made 
up of solid chromophobe cells. (c) Low MAGNIFICATION OF THE 
ENTIRE TUMOR in cross section. Note the large blood lacunae near 
the center. 


adenoma into long thin concentric alveoli against the cap- 
sule (fig. 1c). In these alveoli, eosinophilic, basophilic and 
chromophobic cells could be recognized. 

A diagnosis of chromophobe adenoma of the hypoph- 
ysis, with vestigial anterior lobe tissue was made. 

Further microscopic findings were those of marked 
chronic atrophic gastritis with indifferent, intestinal type 
mucosa; heavy hemosiderin pigmentation of von Kupffer 
cells and liver cells, chiefly in the peripheral zone; some 
hemosiderin in renal tubular epithelium of the convoluted 
portion; and hemosiderin in phagocytes in the pulp of the 
spleen. The femoral bone marrow had been transformed to 
red marrow, and was of an hyperplastic, megaloblastic 
type. Hemosiderin in phagocytes was seen in this marrow. 
These findings contribute to a diagnosis of pernicious 
anemia. 

Taste 1. Curer Patuorocic Finpincs 
1. Chromophobe adenoma of hypophysis with Simmonds’ disease 

a. Atrophy of thyroid, adrenals, pancreatic islands, prostate 

and testes 

b. General atrophy of muscles, skin and organs 
2. Pernicious anemia 

a. Chronic atrophic gastritis 

b. Hemosiderin in liver, spleen and kidneys 

c. Hyperplastic, megaloblastic femoral bone marrow 
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3. Moderate arteriosclerosis 

a. Coronary 

b. Renal 

c. Cerebral 

d. Pancreatic 

e. Aortic 

f. Pulmonic 

There was conspicuous eosinophilic infiltration in the 
lymphoid tissues of the body. This was seen in the 
tracheobronchial lymph nodes, spleen, mucosa of stom- 
ach, small intestine and colon. 

The thyroid gland showed definite glandular atrophy 
and disappearance with progressive fibrosis. Little colloid 
was present in the remaining glandular alveoli. 

The adrenals were very small in cross section, and the 
cortical atrophy was accompanied by fibrous thickening 
of the capsule. However, there was a moderate amount of 
lipoid in the remaining cortex, and an occasional small re- 
gion of adenomatous hyperplasia was seen. 

In the pancreas there was general parenchymal atrophy, 
and interacinar fibrosis, and the islands of Langerhans were 
small and atrophic. An occasional hypertrophic island was 
seen, but there were no acute degenerative changes. 

Section of the rectus muscle revealed parenchymatous 
degeneration of the fibers, and some diffuse atrophy. Table 
I summarizes the chief pathologic findings. 


In addition to the microscopic studies a bioassay 
of the pituitary tissue was performed to determine 
the presence of any of the various pituitary factors. 
The pituitary tissue was desiccated in acetone and 
powdered, yielding 800 mg. of finely screened powder 
from a half of the large adenoma. This powder was 
emulsified in physiologic saline solution and injected 
into 6, 21-day-old, rats over a period of 5 days. In 
doses ranging from 10 to 80 mg. of the powder there 
was no appreciable change in weight of adrenals 
thyroid, ovaries or uteri. To determine the presence 
of any augmenting substances follicle stimulating 
hormone (1 R.u.) and the adenoma powder (10 to 
80 mg.) were injected simultaneously into another 
series of 6 immature rats. Instead of augmentation 
there wasa slight reduction in average ovarian weight. 

The bioassay for the melanophore principle was 
carried out by Dr. Graham Chen of the Department 
of Pharmacology, University of Chicago, using the 
hypophysectomized frog as test animal and the 
method of Teague (25). The adenoma contained about 
a twentieth as much of the melanophore principle as 
did normal human pituitary powder derived from a 
man aged 70 years who died suddenly of cerebral 
hemorrhage. A considerable amount of blood was 
present in the adenoma powder as a contaminant, a 
fact which accounts in part for the low concentration 
of melanophore principle. 

The determinations of the pressor and oxytocic 
principles were undertaken by Dr. G. A. Fostvedt, 
Department of Pharmacology, University of Chicago. 
The assays were conducted on the cat for the pressor 
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activity and on the chicken for the oxytocic princi- 
ple (16). Neither pressor nor oxytocic principle could 
be demonstrated in the adenoma. There was even a 
slight depressor substance of the blood or tissue ex- 
tract, as demonstrated in the cat. 

An assay for thyrotropic hormone using the day- 
old chick was carried out by Dr. R. F. Howe, Mayo 
Foundation, Rochester, Minnesota. Doses up to 10 
mg. of dried powder in a group of 4 chicks failed to 
increase the weight of the thyroid gland or the 
height of glandular epithelium. 


DISCUSSION 


The essential features of pituitary deficiency dis- 
ease have recently been well described by many 
authors (13, 18, 21) and the symptoms that are cor- 
related with loss of gonadotropic, thyrotropic and 
growth hormones have been recognized (11, 26). The 
deficiency of adrenotropic activity has been suggested 
(19) but until Cutler’s chloride excretion test was 
perfected no clue was available to demonstrate or 
measure this state of activity. Our limited experience 
suggests this test to be worthy of further trial in such 
cases. Attempts to differentiate anorexia nervosa by 
means of this test have been successful where the 
test has been properly executed (27), but in most in- 
stances in which the anorexia is of long standing this 
is impossible because of lack of cooperation by the 
patient. In one instance all the food and fluids pre- 
scribed for the first 24 hours were found hidden in 
the bed clothing. In two other cases vomiting was 
induced to relieve distention. Although the level of 
the urine was very high in these patients because of 
low urine output, the total excretion of chlorides was 
found to be within the normal range and the blood 
level was also found to be normal. Since this paper 
was prepared, Stephens (27a) reported chloride excre- 
tion levels of 6 cases having pituitary tumor (364 to 
690 mg. of sodium chloride per 100 cc. of urine in the 
final specimen). This proves fairly conclusively the 
marked impairment of adrenocortical function in de- 
structive lesions of the anterior pituitary. 

In approaching the problem of pituitary deficiency 
disease one must keep in mind the various etiologic 
factors involved In destructive pituitary lesions. By 
far the greater number of cases reported to date (70%) 
result from atrophy and fibrosis of the gland. In such 
cases, the history of profound shock (postpartum 
hemorrhage, operation, trauma) is elicited in most 
instances (7, 14, 15, 17, 18, 28, 29). 

Although pituitary tumors are relatively common, 
they are not frequently associated with deficiency 
states. This is probably due in part to the great mar- 
gin of safety provided in pituitary function (30). In 
most instances the neurologic and visual complica- 
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tions incapacitate the patient before all functional 
elements of the gland have been destroyed. Of the 
various tumors involved, chromophobe adenomata 
and craniopharyngioma are most likely to produce 
this complex. 

Pituitary deficiency states resulting from inflam- 
matory conditions are quite rare (23, 31) and ap- 
parently only three of four cases of such states due 
to syphilis and a similar number of those due to 
tuberculosis have been reported. 

The case here presented establishes a fact which is 
obvious from clinical study, namely that the chromo- 
phobe cells present in these large tumors are without 
endocrine function. They exhibit none of the com- 
mon reactions of pituitary tissue except a possible 
inhibitory action on gonadotropic preparations. This 
also accounts for the absence of diabetes insipidus in 
the presence of a large tumor mass pressing on the 
hypothalamus, for as Ranson (32) pointed out there 
are two essentials for diabetes insipidus: a lesion of 
the posterior pituitary-hypothalamic system, and the 
metabolic (diuretic) activity of a normal anterior lobe 
of the pituitary. 

The hemopoietic response in this case presents a 
more difficult problem. Stephens (18) has reported 
similar experiences in this type of anemia with liver 
extracts. We can only hypothesize that the nutritional 
and glandular factors responsible for the maintenance 
of hemopoiesis—even at a minimal level were indis- 
pensable and that their withdrawal precipitated a 
crisis which the bone marrow could not overcome. 
Many studies have been made in an attempt to estab- 
lish the existence of a hemopoietic factor (33) of the 
pituitary, but the preponderance of evidence suggests 
that this function is mediated by way of the thyro- 
tropic hormone (34). 


SUMMARY 


A verified case of Simmonds’ disease in a white 
man, aged 62 years is reported. The patient's chief 
symptoms were bitemporal and bifrontal headaches 
(20 years), weakness and pains in the lower extremi- 
ties (15 years), impotence and menopausal symptoms 
(6 years), episodes of nausea and vomiting with 
prostration simulating Addison’s crises (6 years), 
and paranoid psychosis during the last 2 years. 

The findings of note included pallor, loss of hair. 
atrophy of the genitalia and bitemporal quadrant 
defect in the field of vision. In addition to the usual 
findings of low basal metabolic rate, low blood sugar 
levels, and so forth, the patient exhibited a marked 
increase in chloride excretion suggesting impairment 
of adrenal function. This was borne out by his thera’ 
peutic response to high salt diet and cortin. His 
response to irradiation therapy was unsatisfactory. 
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Administration of growth hormone preparations re- 
sulted in marked improvement but this response was 
ransitory. An interesting feature was the impairment 
of glucose absorption as evidenced by flat oral toler- 
ance curves, whereas intravenous tolerance curves 
were essentially normal. 

Another interesting finding was the presence of 
normochromic anemia associated with achlorhydria 
and cramplike pains of the lower extremities. Liver 
therapy failed to initiate a reticulocyte response, but 
following its withdrawal progressive anemia de- 
veloped which terminated with a hemoglobin level of 
5.0 gm. in 100 cc. of blood and an erythrocyte count 
of 1,400,000 in each cubic millimeter of blood. 

Necropsy revealed a large chromophobe adenoma. 
Bioassay of 800 mg. of dried powder from this tumor 
failed to reveal evidence of activity except for small 
ainounts of the melanophore principle. 


REFERENCES 


1. Boyce, R., AND C. F. Beaptes: J. Path. & Bact. 1: 359. 1893. 

2. Orr, R. S.: Edinburgh M. J. 77: 251. 1852. 

3. ABERCROMBIE: Cited by Boyce and Beadles, 1. 

4. Zenker, F. A.: Virchow und Reinhardt’s Archiv. 12: 454. 
1857. 

5. Crowe, S. J., H. Cusninc anp J. Homans: Quart. J. Exper. 
Physiol. 2: 389. 1909. 

6. Simmonps, M.: Deutsch. med. Wehnschr. 40: 332. 1914. 

7. SHEEHAN, H.L., anp R. Murpocu: Lancet 2: 132. 1938. 

8. Smitu, P. E.: J.A.M.A. 88: 158. 1927. 

g. Von BerGMANN, G.: Deutsch. med. Wchnschr. 60: 159. 
1934. 


HYPOPITUITARISM 


Il. 
12. 


14: 


15. 
16. 


17. 
18. 
19. 
20. 


at. 
aa, 
23. 
24. 


25. 
26. 
27. 
274. 
28. 
29. 


30. 
31. 


33- 


34- 


441 


. Meyer, H. H.: Deutsch. med. Wehnschr. 64: 1400. 1938. 


Mevter, L.: Acta med. Scandinav. 96: 157. 1938. 
After Farquharson in discussion of paper by Lisser and 
Escamilla, 13. 


. Lisser, H., aND R. F. Escamitta: Tr. A. Amer. Physicians 


53: 210. 1938. 

Brown, C. E., anv L. F. Ever: Am. J. M. Sc. 198: 166. 1939. 
CasTLeMAN, B., AND S. Hertz: Am. J. Path. 27: 69. 1939. 
Coon, J. M.: Arch. internat. de pharmacodyn. et de therap. 
62: 79. 1939. 

Sreecar, E.: Miinchen med. Wchnschr. 86: 882. 1939. 
Srepuens, D. J.: Internat. Clin. 1: 97. 1939. 

Davis, M. A., AND B. Postie: Ohio State M. J. 34: 880. 1938. 
De Martet, T., AND J. GuittauMe: Rev. neurol. 69: 384. 

1938. 

Hart, J. F., anv J. R. Lisa: Endocrinology 25: 130. 1939. 
Mattory, T. B.: New England J. Med. 222: 766. 1940. 
Dick, G. F., anp W. D. Dine: Endocrinology 22: 703. 1938. 
Cur er, H. H., M. H. Power ann R. M. Witper: J.A.M.A. 
III: 117. 1938. 

Teacug, R. S.: Endocrinology 25: 962. 1939. 

Hort, M.: Bull. Acad. roy. de med. de Belgique 13: 404. 1933. 
Davis, H. P.: Endocrinology 25: 991. 1939. 

Srepuens, D, J.: Am. J. Med. Sc. 199: 62. 1940. 
LicHTENFELD, C.: Zentralbl. f. inn. Med. 59: 913. 1938. 
Bruckner, W. J., C. H. Wigs anv P. A. Lavietes: Am. J. 
M. Sc. 196: 663. 1938. 

Smitu, P. E.: Anat. Rec. 52: 191. 1933. 

Roteston, R.: The Endocrine Organs in Health and Disease 
with an historical review. London, Humphrey Milford, 
Oxford University Press, 1936. 


32. Fisner, C., W. R. INcraM anv S. W. Ranson: Diabetes 


insipidus and the neurohormonal control of water balance: A 
contribution to the structure and function of the hypothalam- 
ico-hypophyseal system, Edwards Bros., Ann Arbor, Mich. 
Fraxs, J., J. Himmer AND A. ZLotnik: Presse med. 45: 1261. 


1937. 
Meyer, O. O., G. E. Stewart, E. W. Toewuis anv H. P. 
Ruscu: Folia hemat. 57: 99. 1937. 








he Re tt a. 


PITUITARY PATHOLOGY 


determine whether or not there is any cyclic 

variation in vacuolization of the basophil cells 
of the pars distalis of the human pituitary body. The 
same cytoplasmic constituent was also considered in 
tissues from small groups of cases representing preg- 
nancy, the menopause, senility and diseases of the 
thyroid gland. The study was entirely objective and, 
as far as the material permitted, quantitative. 


T: PRESENT STUDY was undertaken primarily to 


As is the case with other cytologic details, most avail- 
able references to vacuolization concern laboratory animals. 
Severinghaus’ reviews of the literature (1, 2, 3) indicate 
that a persistent augmentation of vacuoles is associated 
with castration, hyperthyroidism and hypothyroidism. 
The basophil cells of castrated or thyroidectomized rats 
are greatly increased in number and contain prominent 
vacuoles, some of which are so large that a type of ‘signet 
ring’ cell, with nucleus and cytoplasm pushed to one side, 
is formed. Similar, but not so extreme, vacuolization oc- 
curs also in castrated or thyroidectomized rhesus monkeys. 
Hyperthyroidism, strangely enough, or the presence of 
the Walker sarcoma (4) produces in rats a moderate in- 
crease of vacuolization. 

Data on human cases are not abundant. Biggart found 
in one man and three women castrated 2 to 6 years before 
death, that the basophil cells were increased and promi- 
nently vacuolated. Rasmussen and Severinghaus (2) have 
reported similar findings in the pituitary bodies of several 
women past 60, and the latter identified the change as one 
of physiological castration. The signet-ring cell does not 
develop in man. We have found no observations in the 
literature in human cases of hypo- or hyperthyroidism. 
Eisenhardt (5) reported slight but conspicuous vacuoliza- 
tion of basophil cells in the pituitary bodies of patients 
with diabetes mellitus. In pituitary basophilism there is 
not only the hyaline change of Crooke, but also other 
changes of the cytoplasm of basophil cells, including exces- 
sive vacuolization (6). 

The significance of the vacuoles is open to question. 
Although some (7, 8) interpreted the many large vacuoles 
due to castration as evidence of increased activity, others 
(2, 9) consider them evidence of degeneration. The sugges- 
tion (8) that small droplets within the Golgi apparatus 
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unite to form the large vacuoles has been rejected (2) on 
the ground that vacuoles may be found entirely apart 
from the Golgi apparatus, and are often stainable, unlike 
the Golgi droplets. There is a report (10) tending to dem- 
onstrate the formation of both staining and non-staining 
vacuoles through the clumping together and ensuing lique- 
faction of the basophil granules. 

Severinghaus’ scheme of endocrine activity (10) con- 
ceives that the secretions of the pituitary body and of the 
“end” organs (gonads, thyroid, adrenals) are mutually 
stimulating, so that inhibition at one end, such as by 
castration or thyroidectomy, will cause degenerative 
changes at the other, namely the pituitary body, and vice 
versa. According to this theory vacuolization is simply one 
evidence of degeneration. 


MATERIALS AND METHODS 


The material for the present study consisted of 
stained sections of the pituitary body in 81 cases. 
Fifty-four were from women, normal as far as the rev 
productive system was concerned, 42 actively men- 
struating, 6 in the menopause, and 6 senile (table 1). 
In the normally menstruating group the day of the 
cycle on which the patient died was known either 
exactly or within a range of 2 days. There were also 
available 10 cases of thyroidism, 10 of pregnancy, and 
7 of castration (table 2). 

The tissues were obtained in the course of routine 
necropsies in which permission to examine the brain 
had been granted. Each pituitary body had been re- 
moved by breaking off the posterior clinoid processes 
with bone forceps and removing the body surrounded 
by its fibrous coat. It was then placed in a 10% solu: 
tion of formalin and stored. The specimens of the 
present study were selected from a large number of 
pituitary bodies which had been preserved under the 
direction of Dr. J. W. Kernohan of the Mayo Clinic 
who kindly made the material available. 

In preparing the sections, the bodies were removed 
from the formalin and cut into sections paralleling the 
longest axis of the gland. Some of these blocks were 
then placed in Zenker’s fluid for 24 hours, while 
others were placed in Weigert’s first and secord 
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TABLE I. VACUOLIZATION OF BASOPHIL CELLS IN NORMAL WOMEN 


























Da Un- ; 

Case Age of, ad weighted bas 
No. cycle counte file index 

I 16 9 230 23 Po 3 

2 18 14 249 62 +44 

3 19 12 245 a9 +25 

4 20 8 204 61 39 

5 22 16 227 .'70 +47 

6 22 21 207 38 20 

7 22 27 200 1.11 67 

8 23 20 206 84 52 

9 24 14 203 +94 52 
10 27 py 205 -45 -30 
II 28 17 202 .88 51 
12 28 19 232 .87 -59 
13 29 17 232 .62 -43 
14 29 14 202 1.00 -69 
15 31 7 200 1.58 T.43 
16 31 II 207 78 40 
17 32 17 237 45 +33 
18 33 9 | 203 1.48 | -99 
19 33 18 205 Ete | 88 
20 34 14 219 ea .80 
21 35 17 235 85 | -61 
22 35 19 224 64 | +34 
23 35 22 200 1.01 74 
24 35 23 208 85 57 
2 35 25 227 Las -97 
26 36 16 204 134 .68 
2 37 14 204 83 -61 
28 37 15 219 78 63 
2 37 27 332 1.01 68 
30 38 23. «| ~— 208 EAs 1.20 
31 39 27 203 1.74 5% 
32 39 28 205 -97 -64 
33 41 16 205 84 -52 
34 41 28 203 -97 +39 
35 44 5 219 .88 1.02 
36 46 3 214 1§3 1.01 
37 47 16 207 1.21 «90 
38 47 23 217 75 55 
39 48 17 205 1.04 77 
40 49 15 206 84 56 
41 32 = 208 -93 -49 
42 41 . 220 53 <36 
43 48 204 1.60 1.06 
44 46 202 2.45 1.42 
45 55 201 2.30 1.68 
46 53 207 1.77 1.33 
47 51 204 2.24 1.46 
48 51 202 1.70 be 9: 
49 48 201 .87 50 
50 63 201 1.10 63 
51 77 200 1.72 1.15 
52 83 205 1.92 1.36 
x3 54 200 1.51 +99 
54 73 203 2.58 $.%3 














* See discussion. 


mordants. After dehydration, they were embedded 
in paraffin in the usual manner. Sections, 5 microns 
thick, were cut from these blocks and were stained 
by the modification of Mallory’s acid fuchsin aniline- 
blue method which was recommended by Crooke 
(11). With this stain the cytoplasm of the chromo- 
phobe cells either does not stain at all or is pale blue; 
the eosinophil granules stain bright red and the 
basophil granules stain dark blue, whereas the hyaline 
substance of Crooke stains uniformly pale blue. 

In pituitary tissues which have been in formalin 
for many years before being cut and embedded, the 
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granules of the basophil cells do not stain clearly. 
Accordingly, there were excluded from this study all 
pituitary bodies which had remained in formalin too 
long. 

All the slides were examined at 570 diameters with 
the aid of immersion oil. To make our figures objec- 
tive, the microscopic study was made without refer- 
ence to clinical data. Correlations between histologic 
and clinical data were attempted only after comple- 
tion of the observations. The vacuoles of at least 200 
basophil cells were counted in each case. Results in 
each slide were first determined for separate groups 
of approximately 100 cells in different parts of the 
pars distalis, one group usually from the periphery of 
a given section and the other from the central portion. 
The purpose of the sub-determinations was to check 
on the consistency of vacuolization for the specimen 
in general. It was found that, for all the slides, the 
difference between the two sub-groups averaged 29% 
of the result for the slide; or, in other words, counting 
100 cells would have been 14.5% less accurate than 
counting 200 cells. The rows in which the cells were 
counted varied in width according to the abundance 
of basophils, but within each row every basophil 
which included a nucleus was tabulated. Because of 
apparently transitional forms, there was frequent 
difficulty in distinguishing basophil from chromo- 
phobe cells. As a general criterion, every cell with 
clearly defined blue granules was considered a baso- 


TABLE 2. WACUOLIZATION OF BASOPHIL CELLS IN THYROIDISM, 
PREGNANCY AND AFTER OVARIECTOMY 


| Cells | | Weighted 











Case | | ae Un- 
No: Age | Clinical data poesesd weighted | index 
index 
55 | 35 | Exophthalmic goiter (male) | 204 -60 40 
56 53 Exophthalmic goiter 201 1.80 1.24 
57 62 | Exophthalmic goiter 208 | 1.56 1.38 
58 | 54 Exophthalmic goiter 209 1.73 1.97 
59 | 76 Exophthalmic goiter (male) | 210 | 81 «37 
60 49 | Adenomatous goiter } 20 | 1.47 | 83 
61 | 72 Adenomatous goiter } 204 | 1.82 1.24 
2 66 | Myxedema, originally ex- | | | 
| | ophthalmic goiter | 206 | 28.20 | -96 
63 71 | Myxedema i dag. p ‘cee fb came 
64 | 48 | Myxedema (male) 204 | 1.02 | -62 
65 | 37 | Last menstrual period 16} | 
| | mo. previous at onset of | | 
| pregnancy } 200 | 1.45 | .89 
66 | 24 Pregnant 4 mo. [ (awk sa I “54 
67 | 32 | 8 weeks postpartum 205 | .go | 38 
68 | 24 | § weeks postpartum | a03. | 56 24 
69 | 25 | 6mo. postpartum, but with | | | 
| | ome period 5 mo. previ- | | 
| | ously | aor | 37 .23 
70 | 30 | §mo. postpartum, but with | | | 
} | one period 2 mo. previ- | | | 
| | ously 206 | 1.09 73 
71 21 Pregnant 3 mo. 201 | 28 =54 
72 27 | 3 mo. postpartum | soe | 2.33 52 
73 25 | 3 mo. postpartum } 203 | -73 -37 
74 | 27 | 6 weeks postpartum | 200 77 -39 
75 | 34 | Ovariectomy 8 days previ- | | 
| | ously | 203 | #+1.46 | .85 
76 | 38 | Ovariectomy 16 days previ- 200 | 1.14 | 7 
ously | 
77 | 41 | Ovariectomy 20 yr. previ- | 
ously 202 «(| 8.93 | 1.28 
78 43 | Castration by x-ray 12 mo. | 
previously 206 | 3.80 | 1.82 
79 34 | No menses for 16 mo. be- | | 
| cause of chronic pulmo- } 
nary tuberculosis 202 1. 46 77 
80 37 | Partial resection 12 yr. pre- | 
viously but regular peri- 
ods continuing 200 1.39 -80 
81 20 | See discussion 202 -95 -52 
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phil, unless the visible area of cytoplasm was smaller 
than the nucleus, or the staining was considerably 
lighter than in other basophil cells of the same slide. 
Two figures were determined for each slide—an 
“unweighted” and a “weighted” index. The “un- 
weighted” figure is the average number of vacuoles 
per basophil cell, regardless of size. The “weighted” 
figures attempt to compare average vacuole area per 
cell. To this end, each vacuole was scored as follows. 
Those with diameter less than 1.74 counted as 1/3 
or 14, depending upon convenience in adding; those 
between 1.7 and 3.4u counted as %4; those between 
3.4 and 5.2u counted as 1; those between 5.2 and 
6.ou counted as 2, and those above 6.9u (only 0.59% 
of the total) counted as 3. No distinction was made 
between staining and non-staining vacuoles. 


RESULTS 


The 42 slides from the actively menstruating pa- 
tients (cases 1-42, table 1) were examined in order to 
study two possible relationships: (a) between vacu- 
olization and day of the cycle; (b) between vacuoliza- 
tion and age. They also were to serve as controls for 
other studies. Cases 41 and 42, which are included 
in this series, involve special conditions. In case 41 
there was amenorrhea until one month before death, 
and in case 42 the last menstrual period continued 
2 months, stopping 7 days before death. When all 
data in the group were assembled and graphed, it was 
found that there is no correlation whatever between 
vacuolization and day of the cycle, but that a rising 
curve is evident in the plotting of vacuolization 
against age. This curve rises sharply between ages 16 
(the youngest in our series) and 35, from which point 
it tends to rise less steeply. It is noteworthy that the 
observations from the 10 pregnancy cases (cases 65 
to 74, table 2) when superimposed on this graph, 
reinforce the trend for the normally menstruating 
group. Since it is already established that vacuoliza- 
tion is more marked in the aged than in young persons 
(2, 7, 12), the similar tendency for vacuolization to 
increase steadily during the fertile period is an in- 
teresting and consistent observation. Indeed, after all 
the cases were tabulated, it was seen that most of the 
vacuolization seems to occur before the menopause. 

In table 1 is also a control series of 6 cases in the 
menopause (cases 43-48) and 6 in old age (cases 49- 
54). Indices of vacuolization in these groups are high. 

Ten cases of disease of the thyroid gland are repre- 
sented in cases 55-64 (table 2). Cases 55 to 60 were 
instances of hyperthyroidism and 62 to 64, hypo 
thyroidism. In case 61 the adenomatous goiter was 
not associated with other symptoms. Cases 55, 59 
and 64 were the only tissues from males in the present 
study. The indices for the thyroid group are high, 
but they are not higher than the control indices for 
corresponding ages. 
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The ten pregnancy and postpartum cases (65-74, 
table 2) have indices no different from those of cor- 
responding ages in the control series (table 1). Inci- 
dentally, vacuolization was not mentioned in the 
literature among the changes in the pituitary bodies 
of pregnant laboratory animals. 

Tissues from only 7 cases following ovariectomy 
were available (75-81, table 4). In one of these, case 
80, the patient had had monthly ‘spotting,’ had re- 
ceived anterior pituitary-like hormone! and theelin 
for 18 months prior to death, and died of a brain 
tumor. The weighted indices of vacuolization tend to 
be slightly higher than the average for the corre- 
sponding age groups, and very high in the 2 cases 
(77 and 78) in which the castration was of long 
standing. Although there is a suggestion that castra- 
tion increases vacuolization, the number of cases in 
this group is too small to warrant any conclusions. 


SUMMARY 


The extent of vacuolization of the basophil cells of 
the pars distalis of the pituitary body was deter- 
mined quantitatively in 81 cases, 78 female and 3 
male. The tissues were from 54 patients either nor- 
mally menstruating, in the menopause, or senile, and 
27 who had disease of the thyroid gland, were re- 
cently pregnant, or had been castrated. The day of 
the cycle on which the patient died was known for 
40 cases with normal menstruation. All the micro- 
scopic observations were made before comparing the 
results with the clinical data. 

There was found no cyclic variation of vacuoliza- 
tion of the basophil cells in relation to menstruation. 
However, vacuolization increased gradually with age 
before, during, and after the menopause. The degree 
of vacuolization during and after pregnancy conforms 
to that expected for the patient’s age. The results for 
thyroidism and castration are recorded but are in- 
conclusive, because of the small number of such 
cases in our series. 


It is with pleasure that I acknowledge the assistance of David 
Haft in the microscopic studies here presented. 
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ACROMEGALY 


enlarged and the basal metabolic rate is elevated 

in the presence of acromegaly. In 1897, Magnus- 
Levy (1) described a case in which there was a contin- 
uous elevation of the rate of consumption of oxygen 
similar to the elevation found in Basedow’s disease. 
He also called attention to certain symptoms which 
occurred inconstantly in association with acromegaly 
and which resembled those of Basedow’s disease. 

In 1922, Boothby and Sandiford (2) found the basal 
metabolic rate greater than +10 in 50% of a series of 
30 cases of acromegaly. Cushing and Davidoff (3), in 
1927, found the B.M.R. to be greater than normal in 
49 of a group of 72 cases of acromegaly. The average 
was +18.6. In the remaining 23 cases, the B.M.R. 
was less than normal, averaging —8.3. Davidoff (4) 
also found some degree of enlargement of the thyroid 
gland on physical examination in 25 of 100 cases of 
acromegaly. 

The discovery of the thyroid-stimulating effect of 
preparations of the anterior lobe of the pituitary 
gland and the isolation of this thyrotropic substance 
in a highly purified form by Anderson and Collip (5) 
established a rational explanation of the behavior of 
the thyroid gland in the presence of acromegaly. 

As a basis for this presentation, the physical find- 
ings of the thyroid gland and the basal metabolic rates 
in the cases of acromegaly which have been observed 
at the Mayo Clinic were reviewed. The records of 271 
cases in which the diagnosis of acromegaly had been 
made, either tentatively or unqualifiedly, were stud- 
ied. The records of 166 cases were selected as a basis 
for this report; 105 were not included either because 
the diagnosis was not sufficiently well established or 
because adequate data were not recorded. 

The principal requirements for inclusion in the 
series were that the patient have the characteristic 
appearance of acromegaly, with enlargement of the 
acral parts and maxillary prognathism. These charac- 
teristics were present in all cases. Eighty-seven pa- 
tients were females and 79 males. A definite history 
of the time of occurrence of the acromegalic changes 
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1 Read before the annual session of the American Association 
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was obtained in 132 cases. In 148 cases roentgenologic 
examination of the skull revealed enlargement and 
erosion of the sella turcica. In 17 cases, roentgenologic 
evidence of change in the sella turcica was absent or 
questionable. Roentgenologic examination was not 
obtained in one case. The enlargement of the sella was 
graded 2+ or more on the basis of 1 to 4 in 104 cases. 

The thyroid gland was described as enlarged in 86 
of the 166 cases; in 80 cases, the findings were record- 
ed as normal or were not described. The latter was 
accepted as evidence that the gland was not enlarged. 
The thyroid contained adenomas in 53 of the 86 cases 
in which it was enlarged. It was palpable in 24 cases 
and in 2 cases diffuse colloid goiter was found. The 
thyroid gland was described only as “enlarged” in 7 
cases. The adenomas varied in size from small nodules 
to very large tumors that caused tracheal compression. 

The basal metabolic rate was determined once or 
more than once in 135 of the 166 cases. It was higher 
than normal in 116 cases, the average of these being 
+18.3. It was below normal in 17 cases and in these 
the average was —6.9. In two cases the rate was +0. 
The average B.M.R. for the entire group of 135 cases 
was +14.7. 

The distribution of the basal metabolic rates and 
their relationship to the physical findings in the thy- 
roid gland are shown in table 1. It is seen that for the 
entire series and for each of the subgroupings, accord- 
ing to the condition of the thyroid gland, the B.M.R. 
was greater than normal. The values in 52% of the 
cases were greater than +10 as contrasted with the 
fact that only 8% of normal individuals have basal 
rates of more than +10. The group of cases in which 
the thyroid contained definite adenomas comprised 
the cases in which there was the greatest increase 
(mean B.M.R. +24.2; in 75% of the cases, more than 
+10). The group of cases in which the thyroid was 
palpable was next (mean, +11.0; in 43% of the cases, 
more than +10). The group in which the thyroid 
gland was not palpable was that in which the lowest 
rates were obtained (mean, +9.6; 39% of the cases, 
more than +10). 

It is of interest to note that while the basal meta- 
bolic rates were very definitely elevated in some cases, 
in others they were normal or less than normal. This 
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TABLE 1. BASAL METABOLISM IN ACROMEGALY 
Thyroid Gland 
B.M.LR. Not palpable | Palpable Adenoma Total 
No. cases % | No. cases | % No. cases | % No. cases | % 
—30 to —21 I 3.3 | I 0.7 
—20 to —11 3 4.3 I Avt 4 3.0 
—10to— 1 6 10.5 5 16.7 I 2.3 12 8.9 
oto+ 9 26 45.6 II 36.7 10 20.7 47 34.9 
+10 to +19 II 19.3 5 16.7 II 22.9 27 20.0 
+20 to +29 8 | 14.0 4 13.3 II 22.9 23 17.0 
+30 to +39 ar 3.5 3 10.0 6 12.5 II 8.1 
+40 to +49 I 2.3 3 6:3 4 3.0 
+50 to +59 I 1.8 I 0.7 
+60 to +69 3 6.3 3 2.2 
+70 to +79 2 4-2 2 1.5 
Total | 57 | 100 | 30 | 100 | 48 | 100 135 100 
Mean B.M.R. | +9.6 | +11.0 +24.2 +14.7 
B.M.R. 
+10 or more, percentage of cases 38.6 43-3 75 52-5 














marked variation in the individual case may be ex- 
plained by the assumption that the excessive produc- 
tion of hormone by the anterior pituitary lobe is not 
necessarily a continuous and permanent affair, but 
that there may be exacerbations and remissions of 
secretory activity so that the diagnostic evidences of 
acromegaly may not indicate overactivity of the an- 
terior lobe at the time of observation but may only 
mean that this hyperactivity has occurred in the past. 

An alternative explanation is that all components 
of the hormone of the anterior pituitary lobe may not 
be produced to the same degree in the presence of 
acromegaly and thus there may be an overproduction 
of the growth hormone and not of the thyrotropic 
substance. 

Unfortunately, there is no simple method of deter- 
mining the degree of activity of the anterior lobe at 
any particular time and of determining whether or not 
it parallels the basal metabolic rate. 

Resection of the thyroid gland was performed in 27 
cases and in one of these a second resection was per- 
formed, 5 years after the first operation, for recurrence 
of the goiter. Resection of the thyroid was advised in 
these 27 cases for one or more of the following rea- 
sons: obstructive dyspnea, in 7 cases; clinical evidence 
of hyperthyroidism, in 24 cases; and hypertensive 
heart disease in association with clinical evidence of 
hyperthyroidism, in 5 cases. 

Five patients died following operation. In 2 cases 
the cause of death was pneumonia and tracheotomy 
had been necessary following thyroidectomy. These 
two deaths occurred previous to the advent of oxygen 
therapy. The third patient died in diabetic coma in 
spite of receiving what at that time was considered to 
be very large doses of insulin. The fourth patient 


died in acute delirium which seemed to be the result 
of the intracranial lesion and not of acute hyperthy- 
roidism. One patient died with marked febrile reac- 
tion, with hemorrhagic edema of the lungs. 

The basal metabolic rate was determined in each 
of the 27 cases previous to resection of the thyroid 
gland. It ranged from +1 to +75 with an average of 
29.9. Seven of the cases had a partial thyroidectomy; 
the weight of thyroid tissue removed varied from 15 
to 470 gm. with an average of 159 gm. In 26 cases, 
adenomas were present in the removed thyroid tissue. 
In 23 cases, the adenomas were in colloid thyroid 
glands, in 3 cases the adenomas were in a hyper- 
trophic parenchymatous thyroid gland characteristic 
of exophthalmic goiter and in one case the removed 
tissue proved to be colloid thyroid gland, only. 

The 3 patients who had parenchymatous hyper- 
trophic thyroid glands received compound solution of 
iodine; 2 patients received it previous to operation 
and the other patient received it 2 years later when 
the disease in mild form recurred. There was no ap- 
preciable change in the B.M.R. of the 2 patients who 
received iodine previous to operation, although one 
patient gained 16 pounds (7.3 kg.) in 26 days. The 
other patient who experienced recurrence of the dis- 
ease following thyroidectomy improved following the 
administration of iodine and the B.M.R. fell fron 
+20 to +12. 

Basal metabolic rates were obtained in 16 cases of 
acromegaly following resection of the thyroid (tabiz 
2). In the last 2 cases, the determinations were unsa‘- 
isfactory as the patients had congestive heart failur:, 
when the studies of metabolism were performed. 

Basal metabolic rates were obtained in 12 cases 
during the first month subsequent to operation. In 1: 
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cases the rate was lower than the preoperative level. 
In 2 cases there was no change. The decrease ranged 
from 2 to 53 points, with an average of 13 points. 

In contrast with these data is the observation of 
Cushing and Davidoff (3) that operations on the 
chromophilic hypophysial adenoma itself in cases of 
acromegaly were followed by a fall in the B.M.R. 
which was almost as uniform and as striking as the 
fect following operations on the thyroid gland in 
cases of exophthalmic goiter. Seventeen patients hav- 
ing acromegaly, whose average preoperative basal 
netabolic rate was +10, had an average rate of —7 
subsequent to operation. 

It might be anticipated, in accordance with the 
findings of Marine and Rosen (6) which have been 
corroborated, that an increasing exophthalmos might 
follow resection of the thyroid gland in the presence 
of acromegaly. A certain number of these patients, 
at least, must have had a persistently increased 
amount of thyrotropic hormone. Although this possi- 
bility was not in mind during the postoperative pe- 
riod of observation of the patient, no instances were 
recorded in which the appearance of exophthalmos or 
its increase, if it was already present, was noted. 

Persistent hyperthyroidism tends to lead eventu- 
ally to myocardial insufficiency and it would be an- 
ticipated on that basis alone that the tendency would 
be apparent in the presence of acromegaly. We have 
not had the opportunity to follow many of our cases 
over any very prolonged period of time, but we have 
been impressed by this tendency. Recently, Courville 
and Mason (7) reported 24 cases of acromegaly. In 6 
the cause of death was cardiac failure and in 18 there 
was some evidence of cardiac failure. However, they 


TABLE 2. THE BASAL METABOLIC RATES IN SIXTEEN CASES OF ACROMEGALY FOLLOWING RESECTION OF THE THYROID GLAND 
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concluded that the principal factors in the production 
of myocardial insufficiency in acromegaly were the in- 
creased “work demand” occasioned by the splanch- 
nomegaly, and the overgrowth of the heart itself, 
stimulated as other viscera are by the influence of the 
pituitary hormone. They also found that an elevated 
B.M.R was not a constant factor in cases of acromeg- 
aly in which the patient had cardiac failure. 

One of the cases in which thyroidectomy was per- 
formed is of sufficient interest to warrant a somewhat 
detailed report, because the response was exceptional 
and because the opportunity for observation over a 
period of 18 years was afforded. 


CASE REPORT 


The patient, an unmarried, white woman, was 31 years 
of age when she registered at the clinic on Jan. 12, 1921. 
Her chief complaints at that time were nervousness, head- 
aches and pruritus. She stated that she had had good 
health until 6 years previously. At that time, she had 
experienced periods of depression but she remained ac- 
tive for 2 years, when the depression became so severe 
that she became completely disabled. She also noted the 
presence of a goiter at that time, the menses ceased for 18 
months, and she began to have periods of swelling of her 
face and hands, of short duration. There was pain in the 
hands and blanching and numbness of the fingers of the 
right hand. Her features became coarse, the nose large 
and the lips thick. The voice became coarse. The glove 
size increased from 514 to 7, the shoe size from 214 to 
314, and the patient’s weight increased from 115 lb. 
(52.2 kg.) to 127 lb. (57.8 kg.). Six months before her 
registration at the clinic, she had had headaches of 3 
days’ duration and one month previous to her examina- 
tion here, she had had an attack of headache of 8 days 
4- -ation in the course of which she had vomited several 
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1 Adenoma in colloid thyroid. 
? Rate obtained elsewhere. 


3 Diffuse parenchym tous hypertrophy. 
4 Myocardial insufficiency. 
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times. She had noted excessive perspiration for 3 years. 
Seven months previous to examination here, the inter- 
menstrual period had increased from 4 to 6 weeks. She 
had a tremor of the hands for 8 months and weakness of 
the legs for 4 months. She was very intolerant to heat 
and had a very good appetite. 

At the time of the physical examination, the patient's 
weight was 115% lb. (52.3 kg.). The features were noted 
as large and the hands were described as “spade-like” 
with pudgy fingers. The skin was warm and moist and 
there was a definite tremor. There was a tumor of the 
thyroid gland 2 by 214 in. (5 by 6.25 cm.) in size. The 
specific gravity of the urine was 1.018 and there was no 
glycosuria. The Wassermann test gave negative results. 
Laryngoscopic examination did not reveal laryngeal 
changes characteristic of acromegaly. 

Roentgenologic examinations of the hands, feet and 
mandible gave negative results. Roentgenologic examina- 
tion of the head revealed enlargement of the sella turcica 
with erosion of the posterior clinoid processes. Examina- 
tion of the ocular fundi gave negative results and the 
fields were normal on rough test. Twelve determinations 
of basal metabolic rate were made; the average value was 
+71. 

A diagnosis of pituitary tumor with acromegaly and 
adenomatous goiter with hyperthyroidism was made. On 
Feb. 1, 1921, thyroidectomy was performed. The adenoma 
was extirpated together with a portion of the right lobe, 
the isthmus, and a portion of the left lobe which was 
about normal in size. The surgeon estimated that he had 
preserved glandular tissue equivalent to that of a lobe of 
normal size on the right and half of such on the left. 
The adenoma measured 6 to 7 cm. in diameter and the 
weight of the removed thyroid tissue was 70 mg. Micro- 
scopic examination revealed multiple, hemorrhagic, de- 
generating hyaline-fibrous, colloid and fetal adenomas with 
moderate parenchymatous hypertrophy, intra-adenoma- 
tous. 

Convalescence was satisfactory. The six basal metabolic 
rates obtained indicated that the rate decreased steadily 
from +93 on the third postoperative day to +19 at 
the time of dismissal on the fifteenth postoperative day. 

We examined the patient again 4 months following 
operation. She had gained 10 lb. (4.6 kg.), her strength 
had improved and the menses were regular, but she con- 
tinued to have spells of depression. Perimetric fields were 
obtained on the occasion of this visit, and they were 
normal. The B.M.R. was +0. 

The patient was next seen in April, 1924, 3 years after 
operation. Her complaints at that time were numbness 
of the fingers, nervousness and recurrence of the enlarge- 
ment of the thyroid. Her weight was 125 lb. (56.7 kg.). 
There had been no increase in the size of the hands or of 
the face. The menses were regular but had been absent 
for 18 months after her last visit. There was an adenoma 
measuring 1 inch (2.5 cm.) in diameter in the left lobe of 
the thyroid. The B.M.R. was +4. 

The patient's next visit to the clinic was in June, 1927. 
She returned at this time because of further enlargement 
of the thyroid gland and because the fingers had been 
enlarging further in the preceding 6 months. 
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Her weight was 123 lb. (§5.9 kg.). There was adenoma 
tous enlargement of the thyroid that involved both lobes 
The menses were regular. Perimetric fields were norma 
and the basal metabolic rates obtained at this time were 
+4 and +2. 

The patient next returned to the clinic in July, 1938 
Her weight was 119 lb. (54 kg.). The menses had ceasex 
3 years previously, at the age of 46 years. The bilatera 
enlargement of the thyroid was practically unchange: 
from that of the previous visit. There had been some 
separation of the lower incisors during the previous » 
years. The perimetric fields were normal and funduscopi 
examination gave negative results. The basal metabolic 
rates were +31 and +21. Roentgen therapy over the 
region of the pituitary gland was administered. 

In September, 1938, the patient returned: her B.M.R 
was +24. The patient's final visit to the clinic was in 
January, 1939, and at this time the basal metabolic rate 
was +21. Relatives reported that the patient died in 
coma on July 14, 1939. 


Roentgenologic examination of the skull of this 
patient at three different times showed enlargement 
of the sella turcica with thickening of the skull. 
There was some prognathism. The outline of the sella 
turcica showed both an increase in size and change in 
contour in the third film obtained as compared with 
the first two roentgenograms, and there also appeared 
to be further increase in the thickening of the skull in 
the third film. 

There was recurrence of the goiter and what is 
more unusual, recurrence of hyperthyroidism. In our 
experience, it is extremely rare for hyperthyroidism 
to develop in association with recurrence of adenoma 
tous goiter. The development of the hyperthyroidism, 
in itself, in this case suggests an unusual stimulation 
of the thyroid. 

That the course of the acromegaly was of 25 years 
duration and that the patient experienced a fair de 
gree of health during that time argue for the mildness 
of the hyperpituitarism. Although this is an isolated 
case, it does indicate that it is possible to obtain satis- 
factory results following thyroidectomy for adenoma’ 
tous goiter with hyperthyroidism in the presence of 
acromegaly. 


SUMMARY 


The records of 166 cases of acromegaly form the 
basis of this report. The condition of the thyroid 
glands and the basal metabolic rates in these cases 
were noted. 

In accordance with the findings obtained from pre- 
vious studies, the thyroid is frequently enlarged in 
the presence of acromegaly. In this series, it was en 
larged in approximately 50% of the cases. 

Also, in accordance with previous investigations 
the basal metabolic rate often, although by no mean: 
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always, is elevated. The general average B.M.R. in 
the cases which we studied was +14.7. 

In those cases in which distinct adenomatous en- 
largement of the thyroid was present, there was a 
tendency for the B.M.R. to be higher than it was in 
the cases in which adenomas in the thyroid could not 
be definitely palpated. 

Thyroidectomy in the presence of acromegaly is 
associated with a high surgical risk. 

Thryoidectomy for hyperthyroidism in association 
with acromegaly usually results in some fall in the 
B.M.R., but this is much less consistent and much 
less in degree than is the drop in rate which follows 
thyroidectomy for hyperthyroidism which is not as- 
sociated with acromegaly. 

Histologic examination of the thyroid tissue re- 
moved at the time of resection revealed the presence 
of adenomas in colloid thyroid tissue in 23 cases, ade- 
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nomas in hypertrophic parenchymatous thyroid tissue 
in 3 cases and colloid thyroid tissue, only, in one case. 

One case is reported in detail in which thyroid- 
ectomy for hyperfunctioning adenomatous goiter as- 
sociated with acromegaly was followed by a prompt 
fall in the basal metabolic rate to normal. There was 
a recurrence of the adenoma and eventually a recur- 
rent elevation of the basal metabolic rate years later. 
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HYPOTHYROIDISM 


almost invariable finding in either spontaneous 

or postoperative myxedema. This has been con- 
firmed from numerous sources (1, 2). It may also be 
found in other disorders, and at times in apparently 
normal individuals. It is, therefore, not pathogno- 
monic of thyroid deficiency. Likewise, no other single 
physical abnormality, symptom or other laboratory 
finding is in itself diagnostic of myxedema. Hyper- 
cholesterolemia is as consistent an abnormality as any 
found in this disorder, and therefore deserves its 
share of importance in the diagnostic survey. 

Experience has demonstrated that it is safe to con- 
clude that a level of 300 mg. of cholesterol per 100 cc. 
of blood is well above the average normal value, 
which is approximately 180 mg. per 100 cc. We have 
shown diagrammatically in figure 1 what we believe 
is a reasonable scale of normal values. With this in 
mind, we felt that valuable information might be ob- 
tained by studying all case records in which a blood 
cholesterol value of over 300 mg. was found. In a 7- 
year period from Jan. 1, 1932, to Dec. 31, 1938, 404 
such individuals were seen at the Lahey Clinic. 

The reasons for blood cholesterol determinations 
in these patients varied. Myxedema was obviously 
present in many; in others a question of myxedema 
may have been raised. Blood cholesterol determina- 
tions were made in nearly all cases of pituitary tumor, 
xanthelasma, nephrosis, and jaundice seen personally 
by one of us. Many were taken routinely during a 
study of several hundred cases of nontoxic goiter, a 
group in which various other lesions were found. 

While it would be desirable to study the entire 
group of patients in whom cholesterol determina- 
tions were made, we were primarily interested in de- 
termining what the probable chance was of hyper- 
cholesterolemia being due to myxedema, and hence 
the relative value of this test as an aid in making that 
diagnosis. 

We realize that the normal frequency curve of 
blood cholesterol must vary, as do most biological 


L IS WELL KNOWN that hypercholesterolemia is an 
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measurements, and that it is perfectly possible for 
myxedema to exist with cholesterol levels in the nor- 
mal range, but if hypercholesterolemia is a fairly con- 
stant feature of myxedema, a more reasonable 
conclusion as regards its value might be reached by 
an analysis of cases in which values within the prob- 
able normal range could be excluded. Of the 404 
cases, the majority had a value below 500 mg., and in 
only 4 cases was it above 700 mg. Table 1 shows the 
diagnosis in the various groups. Sixty-four per cent 
of all the cases were thought to be examples of thy- 
roid deficiency. 

There were 93 cases of spontaneous or idiopathic 
myxedema, including all age groups. These consisted 
almost entirely of untreated cases, or a few cases in 
which desiccated thyroid was temporarily with- 
drawn. This number represents an incidence of 
0.13% of the total new patients admitted to the 
clinic in this 7-year period. Estimates of the incidence 
of myxedema from several sources vary from 0.01 to 
0.08% (3). The exclusion from this group of cases of 
myxedema with a blood cholesterol of under 300 mg. 
would not raise the incidence of myxedema to more 
than 0.15% at the most. 

The 124 known cases of postoperative myxedema 
with cholesterol values of 300 mg. or over represent 
1.4% of 8,524 thyroid cases of all types in which 
operation was performed during this interval. The 
cases of transient postoperative hypercholesterolemia 
are examples of those individuals who, shortly after 
operation, exhibit a definitely low metabolic rate, an 
elevated cholesterol level, frequently a degree of 
mental sluggishness and undue sensitivity to cold, 
but who ordinarily recover promptly, usually without 
requiring thyroid medication. 

Of the 5 patients with pituitary disease, 3 had 
chromophobe adenomas, one was an acromegalic and 
one a pituitary dwarf. Cholesterol determinations 
were made in 30 cases of chromophobe adenoma, but 
only 3 showed hypercholesterolemia (i.e. over 300 
mg.). 

Eleven cases of xanthelasma fell in this group. The 
possible relationship between this condition and hy- 
percholesterolemia has been studied before. Our in- 
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TABLE I. TYpEs OF THYROID CASES WITH HYPERCHOLESTEROLEMIA 
SHOWING DISTRIBUTION AND PERCENTAGE 








Number Per- 





of cases centage 
Total number (thyroid and nonthyroid) 404 
Spontaneous myxedema 93 23 
P ostoperative myxedema 124 30 
After total thyroidectomy for heart disease 13 a 
Transient hypercholesterolemia following 
thyroid operations 34 8 





‘° 


TABLE 2. NONTHYROID CASES WITH HYPERCHOLESTEROLEMIA SHOW 
ING DISTRIBUTION AND PERCENTAGE 


Number Pere 











of cases _— centage 
Pituitary disease 1.0 
Diabetes mellitus 18 4:5 
Xanthelasma II 3.0 
Liver and biliary tract disease 18 An 
Renal disease 5 1.0 
Coronary disease and angina pectoris 14 3.0 
Obesity 23 6.0 
Hypertension and/or arteriosclerosis 9 2.0 


Miscellaneous 42 


a! 
~ 
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on one eyelid disappeared and that on the other lid 
became smaller. The blood cholesterol had undergone 
no significant change. 

In regard to the patients with diabetes, it has been 
thought that only those with uncontrolled diabetes 
at the time the test was made showed hypercholes- 
terolemia of this degree. This impression, however, 
was not always found to be true. 

No conclusion can be drawn from the small num- 
ber of cases of cardiovascular diseases, but Blumgart 
(4) found in general average values in these cases. As 
might be expected, hypercholesterolemia was found 
in cases of liver and biliary tract disease, especially 
in obstructive jaundice. The value of this test in the 
differential diagnosis of jaundice is frequently over- 
looked. 

In 42 instances, no organic disease was found; in 
many of these cases purely functional disorders were 
present. In some of these cases blood cholesterol values 
as high as 400 mg. were found, with or without low 
metabolic rates. Desiccated thyroid was given at 
times especially when a low metabolic rate was found, 
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Fig. 1. RANGE OF PROBABLE NORMAL VALUES OF BLOOD CHOLESTEROL AT VARIOUS AGES. 


terest in this question was aroused by the statement 
of a physician’s wife who claimed that during the 
eight or ten years in which she had suffered from hy- 
perthyroidism the lesions had disappeared from her 
eyelids; they began to return a year or so following 
subtotal thyroidectomy. Another patient with 
xanthelasma was placed on a low cholesterol diet and 
to our surprise returned 4 years later having reli- 
giously adhered to it. During that time a small lesion 


even though diagnosis of myxedema could not pos- 
sibly be made from the history or physical examina- 
tion. Little or no improvement followed in most in- 
stances. As was pointed out before, when physical 
signs are equivocal there may be a few surprises when 
thyroid is given in the usual doses (1 to 3 grains). Un- 
less this response is accompanied by the prompt (3 to 
4 weeks) rise in metabolic rate and drop in blood 
cholesterol, the diagnosis of myxedema should be 
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made with reservations or not at all. The solution of 
the problem of hypercholesterolemia and why it oc- 
curs in certain diseases is still baffling, but to find it in 
an individual without any physical abnormality is 
even more of a conundrum. 

The significance of hypercholesterolemia as an aid 
in the diagnosis of myxedema is further enhanced by 
the response to desiccated thyroid. Rarely does a pa- 
tient with undoubted myxedema require more than 2 
grains of U.S.P. thyroid. If a blood cholesterol value 
cannot be lowered by at least 40% of the original 
value on this dose, the probability of its elevation be- 
ing due to thyroid deficiency is considerable lessened. 
The striking reduction of hypercholesterolemia in 
myxedema by administration of desiccated thyroid in 
such doses is characteristic. 

If we strike out the postoperative cases in this se- 
ries, 233 cases remain which probably represent the 
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approximate distribution among general medical 
cases which might be suspected of having hyper- 
cholesterolemia. Of these, 93 patients, or 40%, had 
spontaneous myxedema. 


SUMMARY 


In a group of 404 patients showing hypercholes- 
terolemia, 65% had thyroid deficiency. 

Of 233 cases of hypercholesterolemia without pre- 
vious operations on the thyroid gland, 40% had spon. 
taneous myxedema. 
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DIHYDROTACHYSTEROL 


Laboratory of the University of Géttingen) first 

produced products of high antirachitic potency 
hrough irradiation of ergosterol with ultraviolet 
rays (1). A short time thereafter, a thousand-fold 
overdose of irradiated ergosterol, calculated on its 
antirachitic potency, was found to produce a toxic 
effect: loss of appetite and weight, hypercalcemia, 
deposition of calcium in the soft tissues (especially in 
the kidneys and blood-vessel walls), circulatory im- 
pairment, and gastrointestinal bleeding (2). The ergos- 
terol derivatives prepared by various forms of ir- 
radiation were not absolutely identical. Dry prepara- 
tions kept sealed in a glass tube under vacuum for a 
long period of time lost their antirachitic potency 
without losing their toxicity. The destruction of 
vitamin D in irradiated ergosterol by aging could also 
be accomplished by means of heating. Finally, if the 
double bonds in the irradiated ergosterol were elimi 
nated by hydrogenation, tie antirachitic potency 
was destroyed, while all of the toxic effect was re- 
tained (3). This proved that the toxic action of over- 
dosage of irradiated ergosterol was not a hypervita- 
minosis. As the toxic principle in these preparations 


[' 1926-27, Windaus and his coworkers (Chemical 


Received for publication July 10, 1940. 

1 As a collaborator of Professor Holtz, who, as is well known, 
introduced the treatment of tetany with dihydrotachysterol, I 
have often been asked questions that I did not feel competent to 
answer. This paper was expressly therefore written by Professor 
Holtz in 1937 to answer questions concerning the applications of 
dihydrotachysterol and to clear up some errors as to its danger, 
which was over-estimated in the beginning. 

The present knowledge of dihydrotachysterol is the result of 
systematic clinical and experimental investigation. The drug is 
an excellent therapeutic agent for parathyroid insufficiency. It is 
also of importance for research as it enables one to regulate the 
calcium level of the blood. 

Although calcium metabolism is of paramount importance in 
the pathogenesis of tetany, it is neither the key to nor the direct 
cause of all of its forms, e.g., not for tetany of forced respiration 
and the tetany of gastrointestinal disorders. Moreover, while one 
can observe that the excitability of nerves may change instantly 
during injection of calcium in a case of tetany, clinically the cal- 
cium level of the blood and the excitability do not change simul- 
taneously. If the calcium level and the excitability of nerves are 
graphically plotted, the curves will be similar but not synchro- 
nous. Furthermore, the appearance of symptoms and a low calcium 
level are not absolutely linked together. All these facts point to 
an indirect relationship—the involvement of more than one 
factor.—F. A. Quapraset, M.D., Department of Neurology, 
Bellevue Hospital, New York City. 
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influenced chiefly the calcium metabolism it was called 
the ‘Kalcinosefaktor.’ 

The effect of the Kalcinosefaktor resembles that 
of repeated injections of calcium or parathyroid ex- 
tract (4). This finding raised the question whether or 
not the action of the Kalcinosefaktor on calcium 
metabolism could be utilized wherever the injection 
of parathyroid extract or calcium produces a more 
or less fleeting therapeutic effect. Such therapeutic 
tests seemed justified, because the Kalcinosefaktor 
is effective when given by mouth, and because the 
effect of a single dose may extend over many days and 
even weeks. 

Pharmacologic tests were made with a large variety 
of animals, from the monkey to the canary (5). Para- 
thyroidectomized dogs could be successfully treated 
with the Kalcinosefaktor, and thus protected from 
tetany (4, 6). The Windaus school thus succeeded in 
obtaining from crude irradiated ergosterol some pure 
chemical substances, and selected from these the 
one having the purest and most uniform calcium 
effect namely, dihydrotachysterol. 

Moreover, after the sensitiveness of human beings 
to the Kalcinosefaktor had been tested in personal 
experiments (7), therapeutic tests were made in 
human beings having postoperative tetany. In the 
meantime, I had left the Chemical Institute at Gét- 
tingen and became associated with the Charité Hos- 
pital in Berlin, where numerous patients with tetany 
were to be found on the wards. First each severe case 
of tetany was treated with the Kalcinosefaktor until 
all tetanic manifestations had disappeared (6); then 
treatment was discontinued. One patient with post- 
operative tetany, whose manifest symptoms had been 
eliminated through treatment with Kalcinosefaktor 
and who appeared to be completely well, suddenly 
died with spastic ileus. On the day before death the 
patient suffered severe tetanic attacks. Furthermore, 
ophthalmologists have shown that a tetanic opacity 
of the lens may also develop without subjective dis- 
ease symptoms. Other patients with latent tetany 
suffered acute dyspnea due to spasms of the larynx 
and the diaphragm. We lost test animals in the latent 
stage of the disease through systolic heart failure. 
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These serious events forced us to change our 
method of therapy. Today we believe that each case 
of tetany should be treated systematically until the 
parathyroid glands have wholly resumed their func- 
tion. In many cases, therefore, treatment will have to 
be continued for life (8). 

In 1933 the Kalcinosefaktor was introduced com- 
mercially under the designation “A.T. 10” (Anti- 
tetanic Preparation No. 10) (9).2 Since then the 
therapy of tetany with dihydrotachysterol has spread 
rapidly and today many practicing physicians all 
over the world are treating ambulant patients (10). 

Knowledge of parathyroid insufficiency has grown 
and at present we know many forms of this disease 
which heretofore could never be correctly diagnosed 
and for which, therefore, there was no causal treat- 
ment. Parathyroid insufficiency is by no means a rare 
disease, but it is infrequently recognized by the physi- 
cian. One does not overlook diabetes until the patient 
has an odor of acetone or lies in diabetic coma! Simi- 
larly, the diagnosis of parathyroid insufficiency must 
not be postponed until the appearance of the classic 
symptoms of tetany: paresthesias and spasms. If a 
physician knows the symptoms of parathyroid in- 
sufficiency and thinks of the possibility of this disease, 
he can quite frequently make the diagnosis. 


CHEMISTRY AND PHARMACOLOGY 


Dihydrotachysterol is available in a concentration 
of 0.5% in oil. In the ultraviolet irradiation of ergos- 
terol the following substances are produced in pro- 
gressive stages: lumisterol, tachysterol, vitamin D, 
toxisterol and suprasterol. The base of all of these 
compounds is the four-ring system of cyclo-penta- 
nephenanthrene, which is found also in bile acids, 
cholesterol, bufagin, digitalis substances, saponin, sex 
hormones and in a few highly carcinogenic compounds 
(11). The ultraviolet irradiation of ergosterol results 
in a molecular rearrangement. In the transition of 
lumisterol to tachysterol, one of the four rings is 
split and a new double bond is formed. The split 
ring is closed again when suprasterol is formed. Thus 
ergosterol, lumisterol and suprasterol have four rings 
and three double bonds; these substances are all in- 
effective pharmacologically. The remaining transition 
products contain three rings and four double bonds, 
and unfold the effect of the Kalcinosefaktor. Only the 
vitamin D has antirachitic action and thereby regu- 
lates the phosphorus metabolism; but it also contains 
the Kalcinosefaktor and thereby influences the cal- 
cium metabolism (the same as tachysterol and toxis- 
terol). The pharmacologic effectiveness grows with 
increasing conversion; determined in the mouse, the 


2In the United States dihydrotachysterol, ““A.T. 10,” is 
marketed by the Winthrop Chemical Company, Inc., New York. 
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minimal toxic dose (M.T.D.) (12) is 0.2 mg. for tachys- 
terol; 0.065 mg. for vitamin D, and 0.025 mg. for 
toxisterol. It has been reported that vitamin D and 
toxisterol can seriously damage the circulatory sys- 
tem, or lead to poisoning due to an unpredictable ac- 
cumulation of these substances. Tachysterol does not 
have this cumulative effect, nor is its action on cal- 
cium metabolism accompanied by any undesirable 
by-effects. However, a solution of tachysterol is not 
stable. Through treatment of tachysterol with 
nascent hydrogen, the dihydrotachysterol is pro- 
duced. This is permanently stable in oily solution and 
has the favorable pharmacologic effects of tachysterol. 

If ahuman being or animal is given dihydrotachys- 
terol by mouth, the calcium content of the blood 
serum begins to rise after about 48 hours, reaches its 
maximum after 4 to 5 days, and sinks back to normal 
within the course of the next few weeks. Intravenous 
administration of dihydrotachysterol has no advan- 
tage since the effects do not appear any more rapidly. 
Intramuscularly or subcutaneously it is practically 
without effect as this drug is apparently absorbed with 
great difficulty from such depots. 

The serum calcium level of human beings is nor- 
mally from 9.5 to 11 mg.%. In tetany, also in sprue 
and contracted kidney, one finds values as low 
as 4 mg.%. In tumors of the parathyroid glands 
(ostitis fibrosa generalisata, Recklinghausen), fre- 
quently also in extensive destructive processes of the 
skeletal system (large bone fractures, bone sarcomas 
and myelomas), and in polycythemia the calcium 
content of the serum is increased. The serum calcium, 
obtained by centrifuging coagulated blood, does not 
differ from the calcium content of paraffin or hirudin 
plasma. The red blood corpuscles are impermeable to 
calcium ions. Their calcium content fluctuates be- 
tween 1 and 4 mg.%. When blood is strongly hemo- 
lyzed, the serum is diluted by the calcium-poor fluid 
from the erythrocytes, and the calcium concentration 
is low in the hemolyzed serum. 

Through ultrafiltration or dialysis, the calcium of 
the serum can be divided into two fractions: the 
undialysable calcium bound to albumin (‘colloidal’ 
calcium) and the diffusible calcium. The colloidal por- 
tion constitutes about 40 to 60% of the total calcium; 
this proportion is often greatly decreased in tetany 
(to below 30%), and increased in hypercalcemia 
through dihydrotachysterol (up to 80%). The al- 
bumin-calcium compound in the serum develops with 
extraordinary rapidity; when calcium solution is in- 
jected intravenously it forms immediately. Its forma- 
tion depends, among other factors, on the total 
calcium content of the serum, on the albumin con- 
centration and upon such factors as the carbon dioxide 
content. The diffusible calcium consists of ionized 
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calcium and undissociated calcium-containing mole- 
cules. Apparently no clinical significance attaches to 
these two fractions. Their separation may be ac- 
complished through not wholly reliable electric 
methods. 

Calcium elimination through the kidneys is, to a 
great extent, independent of the calcium intake 
through food; the calcium content of the urine 
parallels the calcium content of the serum and is, 
therefore, very low in hypocalcemia (tetany). The 
daily elimination of calcium in the urine of an adult 
is about 0.3 to 0.8 gm. If there is hypercalcemia (e.g. 
through overdosage of dihydrotachysterol), reversible 
n.etastatic calcium deposits develop in the kidney as 
well as calcium cylinders in the tubules. 

Calcium elimination in the feces is reduced during 
teatment with dihydrotachysterol. If the food is 
rich in calcium the reduction of calcium in the feces 
exceeds the increase of urinary calcium, and the cal- 
cium balance becomes positive. Lack of calcium in the 
food and continued large doses of dihydrotachysterol 
lead to demineralization of the skeleton in the sense 
of an osteoporosis, without symptoms of ostitis 
fibrosa. Under the influence of dihydrotachysterol 
treatment calcium has the tendency to leave the in- 
testine, or possibly the calcium depot in the bone, and 
to enter the soft tissues by means of the blood serum. 

Rachitis and spasmophilia. These are disorders of 
the phosphate metabolism and can be cured with 
vitamin D. These diseases cannot be influenced 
through dihydrotachysterol (13), because it does not 
affect the phosphate metabolism, the phosphate 
balance or the phosphate content of the blood, so 
long as the phosphate metabolism is not influenced 
secondarily by considerable disturbance of the cal- 
cium metabolism or by renal injury. 

Dihydrotachysterol can replace the parathyroid 
hormone in tetany, although parathyroid hormone 
and dihydrotachysterol are two chemically different 
substances which differ also in pharmacologic action. 
A comparison of their actions may clarify this 
(table 1). Various species of animals differ relatively 
in their sensitivity to dihydrotachysterol and _para- 
thyroid extract (4). 


THERAPY 


Dihydrotachysterol is administered by mouth. It 
may be taken on an empty stomach or after meals; 
the exactly measured dose may also be mixed into the 
food. The result of dihydrotachysterol therapy de- 
pends upon the correct dosage. Insufficient doses of 
dihydrotachysterol fail to overcome the clinical 
manifestations, while excessive amounts may cause 
such toxic symptoms as loss of appetite, nausea and 
vomiting. Overdosage can be determined with cer- 
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TABLE I 
” Dihydro- | hashinias Calcium 
| _ tachysterol | hormone salts 
Clinical Effect 
Perorally Very good No effect | Negligible 
Subcutaneously and | No effect Very good | Good 
intramuscularly } 
Intravenously! Same as by mouth} Good | Very good 
Effect on Serum Calcium Level 
Onset of effect After about 48 Immediately | | Somedielis 
hours 
Maximum hypercal- | After several After 16 to 18 | Intravenously, im- 
cemia ays hours —s intra- 
muscularly, 
| within 1 hour. 
End Effects 
End of action Ales ; to 3 After 1 to 2 days | After several hours 


weeks 

Calcification of | Calcification of Calcification of 
renal tubule basal membrane | —_ basal membrane 
cells of renal tubules | of renal tubules 


Metastatic renal cal- ca | 
Not observed | Observed ina few | Marked habitua- 


cification: 





Lessening of thera- 
peutic effect 
through habitua- 
tion: | 





patients (14) | tion 
| 





1 Subject to dangers of oil injection. 


tainty only through determination of the blood 
calcium level. 

The individual requirements of dihydrotachysterol 
vary greatly, so that the needed dose for each patient 
must first be carefully determined. Even in the same 
person the required dose of dihydrotachysterol 
varies with increased physical labor or mental exer- 
tion and in pregnancy. Dihydrotachysterol therapy 
must be carefully guided and watched by the physi- 
cian. 

Treatment with dihydrotachysterol must not be 
interrupted when another disease develops (e.g. 
nephritis, tuberculosis, etc.); experience has taught 
that especially large doses of dihydrotachysterol are 
frequently required at such times. 

Dosage. Guides for determining the dose of di- 
hydrotachysterol are the condition of the patient and 
the height of the serum calcium level, which ae 
if possible, be kept between 9.5 and 11.0 mg.%. If 
the clinical symptoms are mild, it is best to as 
treatment gradually with small amounts: 5, 10 or 30 
drops* of dihydrotachysterol daily, or 1 to 6 cc. once 
a week, depending on the serum calcium level. With 
serum calcium below 6 mg.%, 30 drops daily or 6 cc. 
weekly may be given; with serum calcium above 9 
mg.%, 5 drops daily or 1 cc. weekly. Accurate serum 
calcium analyses should be made every 2 or 3 weeks. 

If symptoms of manifest tetany with marked hypo- 
calcemia are present, large doses of dihydrotachys- 
terl are given from the start: 8 to 15 cc. ina single 
dose, followed by a daily dose of 1 cc. The blood 


3 1 cc. equals from 30 to 35 drops. 
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calcium is checked on about the seventh day of treat- 
ment. 

In an acute attack of tetany, it is best to inject 
calcium intravenously, after previous withdrawal 
of blood. Calcium gluconate is preferred, because it 
may also be injected intramuscularly and because it 
does not cause abscess formation in case of paravenous 
injection. As soon as the acute tetanic attack has 
subsided, dihydrotachysterol is administered. 

Up to 15 cc. of dihydrotachysterol may be given 
without serum calcium determination, either in large 
individual doses (e.g. 5 cc. 3 times within 2 days) 
or in divided doses (e.g. 5 drops twice daily). Before 
additional doses of dihydrotachysterol are given, the 
serum calcium level should be checked. Severe cases 
of manifest tetany which need daily injections of 
calcium may be given 20 cc. of dihydrotachysterol 
without previous blood examination. Under certain 
conditions, if the tetanic symptoms are of grave na- 
ture, it is advisable to give up to 60 cc. of dihydro- 
tachysterol over a 3-day period. Before giving 
additional doses of dihydrotachysterol, the serum 
calcium level should be checked. In checking the 
serum calcium level it should be noted that the effect 
of a large dose of dihydrotachysterol on the blood 
calcium content is demonstrable at the earliest after 
2 or 3 days, and that the maximal effect is reached 
between the 4th to 7th day. 

The fluctuations of the serum calcium level during 
the first period of treatment serve as a basis for fixing 
the subsequent dosage. The more closely the calcium 
‘evel approximates the normal, the smaller should be 
the doses that are given. Sometimes the serum calcium 
level drops at the beginning and the tetanic symptoms 
disappear; in such cases also the dosage must be con- 
siderably reduced. If the calcium level remains con- 
stant (e.g. 9.6 mg.%) despite the administration of 
dihydrotachysterol, the dosage should be gradually 
increased. Blood calcium analyses are repeated at 
intervals of from 2 to 4 weeks until the dosage has 
been determined which constantly maintains the 
calcium level between 9.5 and 11.0 mg.%, which is 
optimal for the well-being of the patient. Patients 
should be told of the dangers connected with the 
interruption or careless execution of dihydrotachy- 
sterol therapy. They should report to the physician 
every 2 or 3 months for a check of the serum calcium 
level and of the general condition. Each substantial 
increase in dihydrotachysterol dosage must be fol- 
lowed by repeated calcium controls at intervals of 
about 2, 4, or 6 weeks. 

In rare instances the first doses of dihydrotachy- 
sterol may cause an exacerbation of the condition. 
The patient may complain temporarily of cardiac 
palpitation, weakness, mild nausea and headache. 
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However, these symptoms always disappear within 
a short time, even without interruption of dihydro- 
tachysterol therapy. In highly sensitive persons this 
stage can be readily overcome through beginning 
with minimal doses (1 drop daily) and increasing the 
dosage slowly. Most patients with parathyroid in 
sufficiency continuously need from 10 to 30 drops of 
dihydrotachysterol daily, or from 2 to 6 cc. weekly. 
In cases of hemorrhage (22) or chronic pain due tc 
varicosities (23), from 3 to 10 cc. of dihydrotachy 
sterol should be given in a single dose once or twice 

Dihydrotachysterol is compatible with all other 
medicaments. Its action is enhanced by the addition 
of thyroidin or acidifying salts (through mobilization 
of the bone calcium) and also, to a slight degree, by 
the addition of calcium. It is advisable, however, to 
abstain from such supplemental therapy, if at all 
possible. In difficult cases, combination therapy with 
parathyroid extract is recommended, as the action of 
the two agents is synergistic. 

Occasional patients were found to be hyposensitive 
to dihydrotachysterol. Even with massive doses it is 
sometimes impossible or difficult to raise the calcium 
level and to eliminate the clinical symptoms. With 
some of these patients the cause is poor absorption of 
the dihydrotachysterol from the intestinal tract; de- 
pancreatized dogs react to the peroral administration 
of dihydrotachysterol only when desiccated or fresh 
pancreas is given simultaneously. If pancreas tablets 
are prescribed together with dihydrotachysterol, it 
is advisable to have the patient chew the tablets in 
the mouth, for otherwise they will remain in the 
stomach for a long time and thus will not reach the 
intestine simultaneously with the dihydrotachysterol. 

A patient’s dihydrotachysterol requirements are 
independent of the original severity of the clinical 
picture. 

Dangers of dihydrotachysterol therapy. Originally, 
when experience with dihydrotachysterol was 
limited, we continually warned against dangers. To 
day we know that the dangers were overestimated. 

A rapidly transient hypercalcemia (up to or above 
15 mg.%) following overdosage of dihydrotachystero! 
is tolerated without bad after-effects. However, it is 
important that such overdosage should be recognize: 
in time, so that it does not persist for weeks, a cit 
cumstance which will lead to severe damage. In most 
cases, reduction of the dose or interruption of dihydro- 
tachysterol therapy suffices to eliminate promptl; 
the hypercalcemia. Intramuscular injection of large 
doses of follicular hormone (about 100,000 1.U.) will 
hasten reduction of the serum calcium level. In some 
conditions (such as a number of vascular disturbances 
a temporary hypercalcemia is even desirable from @ 
therapeutic standpoint. 
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The first symptoms of dihydrotachysterol over- 
dosage are loss of appetite and nausea; next follow 
thirst and exhaustion, frequently also constipation. 
Often, however, the patient does not notice the 
hypercalcemia. 

Once the serum calcium of a patient with para- 
thyroid insufficiency has been adjusted to a normal 
level through regular administration of dihydrotachy- 
sterol, the level does not rise suddenly. It is sufficient, 
therefore, to make control analyses every 2 to 4 
months. However, varying external influences (such 
as febrile diseases, pregnancy and physical exertion) 
may demand an increase in the amount of dihydro- 
tachysterol; with a fixed dosage of dihydrotachysterol 
these influences may lower the calcium level and lead 
to recurrent paresthesias. If, for instance, a sedentary 
worker with tetany engages in active sport during his 
vacation, the dosage of dihydrotachysterol must be 
considerably increased during that period. 

Pregnancy, sex glands and dihydrotachysterol re- 
quirements (24). During the course of pregnancy, 
every case of tetany tends to change into a severe, 
nanifest form, thus endangering the life of mother 
and child. Women with a relative parathyroid in- 
sufficiency may usually appear completely well, but 
during the second half of pregnancy they may present 
manifold symptoms of parathyroid insufficiency, so 
that temporary dihydrotachysterol therapy is in- 
dicated. 

Numerous tests on parathyroidectomized female 
dogs have taught us how pregnancy can be safely 
brought to full térm despite existing tetany. At a 
certain time of pregnancy the dihydrotachysterol re- 
quirements are suddenly increased, not declining to 
the original norm until after parturition. In human 
pregnancy this time comes at about the end of the 
fourth to fifth month. Simultaneously the fetus starts 
to gain weight and continues to grow at a constant 
rate until birth. Furthermore, calcium begins to be 
deposited in the skeletal parts of the fetus. In a preg- 
nant woman with tetany, receiving dihydrotachys- 
terol treatment, blood calcium determinations must, 
therefore, be made every 2 to 3 weeks, beginning dur- 
ing the fourth month of pregnancy. As soon as the 
calcium level falls, the dosage of dihydrotachysterol 
should be doubled or trebled; frequently, additional 
increases must be made during the succeeding 
months. With the onset of labor all dihydrotachy- 
sterol treatment should be stopped. 

In parathyroidectomized dogs with a calcium level 
previously adjusted to normal with dihydrotachy- 
sterol, the serum calcium level can be lowered to the 
point of tetany through the injection of follicular 
hormone, despite constant treatment with dihydro- 
tachysterol. In normal, perfectly healthy dogs also 
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very high doses of follicular hormone can produce a 
decrease in the blood calcium level and sometimes 
tetany. Thus follicular hormone has an antagonistic 
action upon parathyroid hormone and dihydrotachy- 
sterol, a fact which can be utilized incase of dihydro- 
tachysterol overdosage. However, it is known that 
large doses of follicular hormone administered to dogs 
produce an often fatal thrombopenic purpura (25); 
to what extent follicular hormone is able to increase 
hemorrhagic tendencies in man, is uncertain. At any 
rate, these observations necessitate caution. Perhaps 
there is some connection between these facts and the 
observation that single, large doses of dihydrotachy- 
sterol may arrest hemophilic as well as thrombopenic 
hemorrhages (22). 

The antagonism between follicular hormone and 
the parathyroids may be the cause for the prevalence 
of tetany in women: over 80% of our patients with 
parathyroid insufficiency belong to the female sex. 
The male sex hormone and the corpus luteum hor- 
mone apparently have no influence upon the body’s 
requirements of parathyroid hormone. 

Our experiences with dihydrotachysterol now ex- 
tend over more than 6 years. So far no case has been 
observed wherein a patient has been injured through 
dihydrotachysterol therapy, although some tetany 
patients have taken the preparation for 6 years, and 
although dihydrotachysterol has been given to ambu- 
lant patients by a large number of physicians far from 
clinics, for a number of years. However, everyone 
who prescribes dihydrotachysterol must realize that 
unwise prescription of the medication and lack of 
control of the patient may result in as much serious 
harm with dihydrotachysterol as with other medica- 
tions. 
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THYROID 


3RdCHNER-MortTENseN, K., AND E. Mgtter. 

On creatinine in thyrotoxicosis. Acta med. Scandinav. 

102: 417. 1939. 

In 51 patients with thyrotoxicosis no relationship was 
found between the B.M.R. and the amounts of creatine 
and creatinine in the urine. Increased creatine excretion 
(200 mg./24 hr.) was found in 25 patients before I treat- 
ment, and a decreased excretion after I treatment in 9 
patients. During and after x-ray treatment of 13 patients 
and after subtotal thyroidectomy there was no change in 
creatinuria. It is concluded the estimation of urinary 
creatine and creatinine is of no value in the clinical ex- 
amination of thyrotoxic patients.—J. F. Wilkinson. 


BrgCHNER-MorteEnseENn, K., AND E. Mgtter. 

On the cholesterol content of the blood serum in 

thyrotoxicosis. Acta med. Scandinav. 103: 259. 1940. 

In 51 patients with thyrotoxicosis the total serum 
cholesterol generally lay within the limits found in normal 
persons. Before treatment was started the average value 
was 184 mg. %, rather lower than that of normal persons. 
In the material as a whole no correlation was found be- 
tween serum cholesterol and B.M.R. In the repeated ex- 
amination of 49 patients it was found that in 32 (65%) the 
changes in serum cholesterol tended to be inversely pro- 
portional to the changes in B.M.R. In the examination of 7 
patients after thyroidectomy the serum cholesterol 
showed a marked rise —J. F. Wilkinson. 


Brucu, F. 

Obesity in childhood—II. Basal metabolism and serum 

cholesterol of obese children. Am. J. Dis. Child. 58: 

1001. 1939. 

Determinations of B.M.R. for 72 obese children and 
serum cholesterol determinations for 89 are reported. The 
total B.M.R. of obese children was higher than that of 
normal children of comparable height and age. The mean 
value of total serum cholesterol is 200.3 mg. per 100 cc. 
and the relation of combined to free cholesterol is 2.60+ 
0.24. No relation between the serum cholesterol concen- 
tration and the basal rate was revealed in this study. Thy- 
roid medication had no influence on the weight or serum 
cholesterol concentration.—M.B.G. 
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Brunner, R., AND L. Leep. 

Blood pressure and pulse rate changes during thy- 

roidectomy. Surg., Gynec. & Obst. 70: '731. 1940. 

Blood pressure and pulse readings were analyzed in over 
600 patients with varying degrees of thyrotoxicosis. A 
direct relationship was established between the rise in 
blood pressure and the degree of toxicity at time of opera- 
tion. The pulse rate furnished the best index as to prog- 
nosis.—L. B. Shpiner. 


CraAwFrorD, T. 

Carbohydrate tolerance in hypothyroidism and hyper- 

thyroidism. Arch. Dis. Childhood 15: 184. 1940. 

In conditions of hypothyroidism carbohydrate tolerance 
is impaired. This impairment is due to a general slowing 
of the processes of katabolism and possibly also to a dim- 
inution in rate of storage of carbohydrate. The low oral 
blood-sugar curve which occurs frequently and which 
accounts for the textbook statements that carbohydrate 
tolerance is increased in hypothyroidism, is due to slow 
absorption of the carbohydrate from the bowel. In hyper- 
thyroidism also there is impairment in tolerance, the 
fault being traceable to defective glycogen formation. 
This probably results from the excessive secretion of 
thyroxin causing an increased liberation of adrenalin, 
which in its turn mobilizes hepatic glycogen and inhibits 
its reformation. Ten case histories are summarized.— 
Author's summary. 


Cutter, E. C., anp §. O. Hogrr. 

Total thyroidectomy for heart disease. A five-year 

follow-up study. Ann. Surg. 113: 245. 1941. 

A 5-year follow-up study was made of 57 cases in which 
total thyroidectomy was performed for heart disease. 
These included 32 of angina pectoris and 25 of congestive 
heart failure, with 12 survivors in the former group, 4 in 
the latter. There were 5 postoperative deaths; 4 of these 
and all but 3 of the later deaths were attributable to heart 
disease. The best results were obtained in patients with 
angina pectoris. Eight of the 12 survivors in this group had 
sustained relief from pain and all but one of 27 patients 
who survived for 6 months or longer were relieved to 
some extent. It was noted that preoperative evidence of 
congestive failure or cardiac enlargement in patients with 
angina pectoris was an unfavorable prognostic sign for 





460 CURRENT CLINICAL LITERATURE 


long survival. In the patients with congestive failure the 
results were disappointing. Three of the 4 survivors in 
this group experienced sustained relief, 15 of 25 who lived 
for 6 months or longer had relief for 6 months or longer. Re- 
sults were better in patients with congestive failure due 
to chronic rheumatic valvular disease than in those with 
arteriosclerotic or hypertensive heart disease. No serious 
difficulties were encountered in the control of postopera- 
tive myxedema. It was concluded that in a selected group 
of patients with intractable angina pectoris, total thyroid- 
ectomy is a worthwhile therapeutic measure and is 
without unwarranted risk.—J.C.B. 


Greene, A. M. 

Iodine and cholesterol metabolisms in patients with 

primary myxedema. A clinical and experimental study 

with a report of results of treatment. Arch. Int. Med. 

67: 114. 1941. 

The cholesterol level of the blood was elevated in 9 
cases of thyroid deficiency studied. After treatment with 
thyroid preparations was begun the level fell in reciprocal 
relation to the rise of B.M.R. The level proved a good cri- 
terion of amount of thyroid substance needed after be- 
ginning of treatment. In a case of compensated myxedema 
without hypometabolism, thyroxin administered intra- 
venously and dessicated thyroid given orally exerted no 
effect on level of blood cholesterol. The specificity of I 
present only in thyroid preparations in lowering the level 
was demonstrated in 1 case of myxedema; inorganic I 
(Lugol's solution) failed to alter the blood level, both find- 
ings corroborating those found elsewhere. As for I me- 
tabolism, giving dessicated thyroid to a myxedematous pa- 
tient produced an I diuresis analogous to that seen in 
spontaneous hyperthyroidism. No absolute correlation 
could be observed between variations in level of I and that 
of cholesterol in myxedema, but there was a tendency for 
the level of organic I to vary inversely with that of plasma 
cholesterol. The study demonstrated the need for more 
extensive studies of I metabolism in myxedema with longer 
periods of study of hospitalized patients and more knowl- 
edge of the I ingested in food and excreted in feces.— 
W. C. Hunter. 


Jones, R. M. 

Human sternal bone marrow in hyperthyroid and myx- 

edematous states. Am. J. M. Sc. 200: 211. 1940. 

Sternal marrow aspirated from 18 “normal” individuals 
contained an average of 6.2% nucelated cells. Sternal 
marrow from 12 individuals with hyperthyroidism con- 
tained an average of 13.5% nucleated cells, about 2 1/5 
(217%) times the “normal” finding. Sternal marrow from 
7 individuals with hypothyroidism contained an average 
of 2.4% nucleated cells, a little more than one-third 
(38%) of the “normal” average. Five cases of hypo- 
thyroidism treated with desiccated thyroid or thyroxin, 
and subsequently studied, showed a marked rise in the 
percentage of nucleated cells in the sternal marrow. A 
case of thyrotoxicosis following thyroid ingestion showed 
a marked decrease in the percentage of nucleated cells in 
the marrow when the thyroid was stopped. There was a 
less marked but definite decrease in cases where subtotal 
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thyroidectomy was performed. The hyperplasia found in 
the marrow of the hyperthyroid individuals was myeloid 
in character, and was not reflected in the peripheral blood. 
—Author’s abstract. 


Kennepy, R. L. J. 

Surgical and medical treatment of exophthalmic goiter 

of children. Am. J. Dis. Child. 60: 676. 1940. 

Follow-up studies were made of 171 patients seen at the 
Mayo clinic during childhood because of exophthalmic 
goiter. Of 163 who’sent in reports, 138 had been treated 
surgically and 25 medically. The ratioof 9 9 to @ oc was 
7.5 to 1. The ages ranged from 3 to 14 years. Good results 
were obtained in 32.4% of patients operated upon before 
the introduction of I and in 67.5% after I came into use 
The surgical mortality rate before the use of I was 9°%, 
and only 3.3% after iodine was introduced. Later deaths 
from thyroid disease, recurrences and the necessity for 
subsequent operations were less frequent among patients 
operated upon after the introduction of iodine. Low meta’ 
bolic rates and postoperative myxedema were more fre- 
quent in the group in which treatment consisted of exten 
sive resection rather than ligation of vessels or ligation 
and partial resection. Medical treatment was carried out 
in 25 patients but 7 had to be operated upon subsequently. 
Children with exophthalmic goiter apparently grew more 
rapidly than so-called normal children but their ultimate 
height was neither greater nor less than the average 
height.—M.B.G. 


LERMAN, J. 

Iodine components of the blood. Circulating thyro- 

globulin in normal persons and in persons with thyroid 

disease. J. Clin. Investigation 19: 555. 1940. 

Rabbits injected with human thyroglobulin by various 
routes produced antibodies in high concentration. In 
precipitin reactions such antiserum could detect minute 
amounts of thyroglobulin in solution, e.g., 0.08 to 0.15 
mg. per 100cc., or %4 to 4 y % of thyroglobulin I. No 
detectable amounts of thyroglobulin were discovered in 
the blood of numerous normal, 2 myxedematous, 15 thyro- 
toxic patients before iodinization, nor in 2 thyrotoxic sub- 
jects after iodinization. Similarly, no thyroglobulin was de- 
tected in the urine of 3 hyperthyroid subjects. The excess 
I usually present in the blood of hyperthyroid patients is 
evidently not due to circulating thyroglobulin. Blood ob- 
tained directly from the thyroid veins at operation was 
similarly tested. Ten of 12 samples obtained at beginning 
of operation were negative; 2 samples obtained at the end 
of hemithyroidectomy (unoperated side) were also nega 
tive. Seven of 8 thyroid vein samples obtained during or 
at the end of the 2nd stage of subtotal thyroidectomy 
showed appreciable amounts of thyroglobulin, 0.2 to 13.0 
mg. per 100 cc. It disappeared from the circulation within 
12 to 36 hours after operation. The presence of thyro 
globulin in the blood is apparently due to the extrusion of 
colloid into the circulation by trauma, and thyroglobulir 
does not ordinarily leave the follicles as such. This de 
duction is consistent with observations of Williams on the 
release of colloid from living thyroid follicles —Author’: 
abstract. 











